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@ Olig p ptides of formula (I): 



/ v 



\ / 

R 2 R 3 (I) 

• 1 1 

CH 2 CH 2 CH 2 R 

III / 
Rl-C-A-CH-C-NH-CH-C-NH-CH-CH-CH 2 -C-N 

II II II I II \ 

O O O OH O R 5 

where R 1 -R 5 are various organic groups, and A represents a group of formula -NH-or -(CHi) n -, in which n 
represents an integer of from 1 to 3, have renin-inhibitory activity and are particularly suitable for oral 
administration. They may be prepared by condensing their component amino acids or lower oligopeptides 
using conventional peptide synthesis reactions. 
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NEW BENIN-INHIBITORY OLIGOPEPTIDES, THEIR PREPARATION AND THEIR USE 



The present invention relates to a series of new oligopeptides which have renin-inhibitory and. hence, 
hypotensive activities, and which are thus of particular value in the treatment of hypertension induced by 
failures in the renin-angiotensin system of the mammalian, especially human, body. The invention also 
relates to the preparation of such compounds and to their use in such treatment. The oligopeptides of the 

s present invention include in their peptide chain a unit derived from the amino acid commonly known-a&_ 
cyclostatine, whose formal name is (3S, 4SM-amino-5-cyclohexyl-3-hydroxypentanoic acid and which is 
also sometimes referred to as "ACHPA", or from an analogue thereof. 

There is considerable evidence that reduction of elevated blood pressure reduces the risks of morbidity 
and mortality. Elevated blood pressure (hypertension) can be caused by a variety of factors and a large 

/o number of drugs is available for the treatment of hypertension, the drug of choice being dictated in large 
measure by the cause of the hypertension. 

One of the factors known to play a role in the onset of hypertension in the mammalian body is an 
oligopeptide known as angiotensin II. Angiotensin I is a polypeptide formed by the action of renin upon a 
plasma protein, and this is converted to angiotensin II by the action of ACE (angiotensin converting 

;s enzyme). Angiotensin II causes constriction of the arterioles and can produce hypertension. Hypertension of 
this type can be reduced by reducing the plasma concentration of angiotensin I or II, which, in turn, can be 
achieved by inhibiting the activity of renin. The number of available drugs having this type of inhibitory 
activity is very limited, and, to date, no such drug is commercially available. 

A variety of peptide derivatives having this type of activity is known. Those prior art compounds 

20 believed to be closest to the compounds of the present invention, in that they are based upon the rather 
uncommon amino acid statine and analogues thereof, are disclosed in EP-A 155 809, EP-A 184 855 and 
EP-A 186 977. Various other prior art discloses other polypeptides having renin-inhibitory activities, but 
which have some other amino acid unit in place of the cyclostatine unit, which is one of the critical features 
of the compounds of the present invention, for example US Patent No. 4 698 329 and EP-A 228 192. 

25 We have now discovered a series of peptide derivatives having a very marked ability to inhibit the 
activity of renin, which ability is believed to be significantly better than that of the prior art compounds. 

Certain of the compounds of the invention resemble certain of those disclosed in EP-A 155 809, 
although this European Patent Publication also discloses many other compounds which are not relevant to 
the present invention. However, the compounds of the present invention differ from those of EP-A 1 55 809 

30 primarily in the nature of the groups at the nitrogen terminal end and at the carboxy terminal end of the 
oligopeptide chain. The compounds of the present invention differ from those of EP-A 184 855 primarily in 
the nature of the groups at the nitrogen terminal end of the oligopeptide chain. The compounds of the 
present invention differ from those of EP-A 186 977 primarily in the nature of the group at the nitrogen 
terminal end and also to some extent in the nature of the group at the carboxy terminal end of the 

35 oligopeptide chain. The compounds of the present invention differ from those of EP-A 228 192 in the nature 
of other units in the polypeptide chain. 

The compounds of the present invention have, in general, a higher inhibitory activity against renin, 
much improved absorption when administered by the oral route, lower toxicity, better and stronger enzyme 
specificity and better water solubility than the compounds of the prior art. These advantages suggest that 

40 the compounds of the present invention will be of outstanding value in the treatment of disorders in the 
mammalian body arising from an imbalance in the level of renin in the blood. In particular, it is well known 
that the oral route is the preferred route of administration for drugs, particularly where (as with the drugs 
with which the present invention is concerned) drugs are intended for self-administration by the patient, 
generally over a long period of time. However, a serious disadvantage common to almost all of the known 

45 renin-inhibitory oligopeptides, including most of those mentioned in the previous paragraph, is that, in 
practice, it is necessary to administer them by parenteral routes, e.g. by injection, as suppositories or even 
by inhalation. This applies even in those cases where the compounds have been suggested for oral use, 
since it has subsequently been found that, except for those of EP-A 228 192, they either are insufficiently 
stable to enzymes, e.g. esterases, present in the digestive system or are inadequately absorbed from the 

so stomach and/or intestines or both. -Of course, the poor stability is expected with oligopeptides, as the 
mammalian digestive system is specifically designed to break down compounds of that type. Consequently, 
even if the compounds can be administered orally, such high doses are necessary in order to make up for 
poor absorption and/or losses caused by digestion as to make oral administration impractical. 
The compounds of the present invention are thus those compounds of formula (I): 
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25 



/ \ 

6 II 

\ / 

R 2 R 3 • (I) 

I I I 

70 CH 2 CH 2 CH 2 R 4 _ 

Rl-C-A-CH-C-NH-CH-C-NH-CH-CH-CH 2 -C-N 

II II II I II \ 

O 0 O OH O. R 5 

15 

wherein: 

R 1 represents a Ci -Cs alkyl group, a Ct -C6 alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 

/ 

-N (II) 
\ 

R7 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a*Ct -Ce alkyl group, 
an aryl group, an aralkyl group or a C3 -C« cyctoalkyi group. 

30 or a nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or. when A represents a group of 
formula -(CHdnh a group of formula (II), as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 
from substituents (a), defined below, a naphthyl group or a naphthyl group having at least one substituent 
selected from substituents (a), defined below; 
35 R3 represents an aromatic heterocyclic group having from 5 to 14 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a), defined below, or a Ci -Ce alkyl group; 
R 4 represents a Ci -Ca alkyl group or a Ci -Ce alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having from 5 to 14 ring atoms and groups of formula (III): 

40 

R* 

/ 

-N (III) 
\ 

45 R 9 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a Ci -C6 alkyl 
group; 

so R 3 represents a hydrogen atom or a Ct -Ca alkyl group; 

A represents a group of formula -NH-or -(Chfe),, in which n represents an integer of from 1 to 3; 
said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 5 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms and being unsubstituted or having at least one 
substituent selected from substituents (a) and substituents (b); 

55 
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substituents (a): Ci -C6 alkyl groups, C- -d alkoxy groups, Ci -C? aliphatic carboxylic acyl groups. Ci -C7 
aliphatic carboxylic acyloxy groups, aromatic carboxylic acyl groups, aromatic carboxylic acyloxy groups, Ci 
-C? aliphatic carboxylic acylamino groups, aromatic carboxylic acylamino groups, heterocyclic-carbonyl 
groups, provided that any such heterocyclic-carbonyl substituent is not itself substituted by a substituted 

5 heterocyclic or heterocyclic-carbonyl group, arylalkenoyl groups in which the alkenoyl part is C3 -C7, 
haloalkyl groups (such as the trifluoromethyl group), halogen atoms, nitro groups, cyano groups, amino 
groups, Ci -C* alkylamino groups, dialkylamino groups in which each alkyl part is Ci -C4, alkylcarbamoyl 
groups in which the alkyl part is Ci -C*. dialkylcarbamoyl groups in which each alkyl part is Ci -Ci, 
alkoxycarbonyloxy groups in which the alkoxy part is Ci -Ca. heterocyclic groups provided that any such 

10 heterocyclic substituent is not itself substituted by a substituted heterocyclic or heterocycliccarbonyi group, 
carboxy groups and esters and amides of said carboxy groups, the aromatic parts of said aromatic acyl, 
acyloxy and acylamino groups being C6 -Ck> carbocyclic aryl groups which are unsubstituted or have at 
least one substituent selected from Ci -C< alkyl groups. Ct -C* alkoxy groups and halogen atoms; 

15 

substituents (b) : aryl groups and oxygen atoms; 

said aryl groups and the aryl parts of said aralkyl groups are & -Cu carbocyclic aryl groups which are 
20 unsubstituted or have at least one substituent selected from substituents (a), defined above, provided that, 
where said substituent (a) is a group containing .an aryl group, this is not itself substituted by another group 
containing a substituted aryl group; and 

the alkyl parts of said aralkyl groups have from 1 to 4 carbon atoms; 
and pharmaceutical^ acceptable salts thereof. 

25 

The invention also provides the use for the manufacture of a medicament for the treatment or 
prophylaxis of angiotensin-induced hypertension in a mammal, which may be human or non-human, of a 
compound of formula (I) or a pharmaceutical^ acceptable salt thereof. 

The invention also provides a composition for the treatment of angiotensin-induced hypertension in a 
30 mammal, which may be human or non-human, which comprises a compound of formula (I) or a 
pharmaceutically acceptable salt thereof in admixture with a pharmaceutically acceptable carrier or diluent. 

The compounds of the invention may be prepared by reacting together two compounds, one having a 
terminal carboxy group or reactive derivative thereof and the other having a terminal amino group or 
reactive derivative thereof, under conditions conventional for peptide synthesis, said two compounds 
35 corresponding to the fragments derivable by cleavage of any one of the peptide bonds marked a. £ and 7 
in the following formula (I) and, where A is a group -NH-, between that group and the adjacent carboxy 
group: 



40 



45 



50 



/ \ 



\ / 

R 2 R 3 • (I) 

I I I 

CH 2 CH 2 CH? R 4 

III / 
Rl -C-A-CH-C-a-NH-CH-C-6-NH-CH-CH-CH 2 -C-y-N 
II II II | II \ 

O O .0 OH 0 R5 



(in which R' -R 5 and A are as defined above). 
55 Where R\ R 3 or substituent (a) represents an alkyl group containing from 1 to 6 carbon atoms, this may 
be a straight or branched chain alkyl group and exampl s include the methyl, ethyl, propyl, isopropyl. butyl, 
isobutyl. sec-butyl, t-butyl. p ntyl, isop ntyl, neopentyl, s c-pentyl, t-perrtyl, hexyl, isohexyl, 2-methylbutyl 
and 1 ,2-dimethylbutyl groups. Of these, we prefer alkyl groups containing from 1 to 4 carbon atoms. In 
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particular, where R 1 represents a substituted alky I group, we prefer the methyl, ethyl, propyl and butyl 
groups, of which the methyl group is most preferred, th substituents b ing as defin d beiow. Wh re R 4 
repr sents an unsubstituted alky I group, we prefer th methyl, thy I, propyl, isopropyl. butyl, isobutyl. sec- 
butyl and t-butyl groups, of which the t-butyl group is most preferred. Where R 3 represents an alky I group, 
s we prefer the methyl, ethyl, propyl, isopropyl, butyl and isobutyl groups, of which the isopropyl group is 
most preferred. 

R 4 or R 5 represents an alkyl group containing from 1 to 8 carbon atoms, this may b a straight or 
branched chain alkyl group and examples include the methyl, ethyl, propyl, isopropyl/butyl, isobutyl. sec- 
butyl, t-butyl, pentyl, isopentyl, neopentyl, sec-pentyl, t-pentyt, hexyl, isohexyl, 2-methylbutyl, 1 ,2-dimethyl- 

70 butyl, heptyl and octyl groups. Where R* represents a substituted alkyl group, we prefer the methyl, ethyl, 
propyl, butyl, 2-methylbutyl, 1,2-dimethylbutyl and 2,3-dimethylbutyl groups, of which the ethyl and propyl 
groups are most preferred, the substituents being as defined below. Where R* represents an unsubstituted 
alkyl group, we prefer the propyl, isopropyl, butyl, isobutyl. sec-butyl, t-butyl, pentyl. isopentyl. methylbutyl 
(e.g. 2-methylbutyl or 1 -methylbutyl). hexyi, isohexyl, methylpentyl (e.g. 2-methylpentyl or 3-methyIpentyl), * 

15 heptyl, isoheptyl and octyl groups, of which the 2-methylbutyl and hexyl groups are most preferred. 

Where R 5 represents an alkyl group, it [s preferably the same alkyl group as is represented by R\ and 
is more preferably a C* -C6 alkyl group, e.g. a butyl, isobutyl, pentyl, isopentyl or hexyl group. However. R 5 * 
most preferably represents a hydrogen atom. 

Where R 6 or R 7 represents an alkyl group, it contains from 1 to 6 carbon atoms and is preferably a C« - 

20 C4 alkyl group. Examples of such groups include the Ci -C6 alkyl groups represented by R 1 . R 3 or 
substituent (a) and exemplified above, more preferably the methyl, ethyl, propyl, isopropyl, butyl and 
isobutyl groups. 

Where R 1 represents an alkyl group having at least one heterocyclic group as a substituent or 
represents a heterocyclic group, the heterocyclic group has from 5 to 8 ring atoms of which from 1 to 5 are 

25 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms, at least one being a nitrogen 
atom. The heterocyclic group is attached to the remainder of the molecule (i.e. the alkyl group of R 1 on 
which it is a substituent or the group -CO-A-) through its nitrogen atom or through one of its nitrogen atoms. 
The heterocyclic group may itself be substituted or unsubstituted, and, if substituted, the substituents are 
selected from substituents (a) and substituents (b) r defined above. Such heterocyclic groups may be 

30 aromatic or non-aromatic in character. 

Where such a group is an aromatic heterocyclic group, this is a heterocyclic group (as defined above) 
having aromatic character, i.e. a group having from 5 to 8 ring atoms of which from 1 to 5. preferably from 1 
to 4 more preferably from 1 to 3, are nitrogen, oxygen or sulphur hetero-atoms, and at least one is a 
nitrogen atom, and it may be monocyclic or bicyclic. preferably monocyclic. Preferably, it has from 5 to 7, 

35 more preferably 5 or 6, ring atoms, of which from 1 to 3 are such hetero-atoms. Examples of such aromatic 
heterocyclic groups include the pyrroiyl, pyrazolyl. oxazolyl, isoxazolyl. thiazolyl. isothiazolyl. imidazolyl, 
pyridyl, pyrimidinyl, pyridazinyl and pyrazinyl groups. The more preferred aromatic heterocyclic groups are 
the imidazolyl and pyridyl groups. Such groups may be unsubstituted or may have at least one of the 
substituents (a) and/or (b), defined above. Preferred such substituents are the alkyl, halogen and aikoxy 

40 substituents, e.g. as exemplified below. 

Where the heterocyclic group, or, indeed, any other substituted group referred to herein, is substituted, 
there is. in general, no particular limitation on the maximum number of substituents possible except that 
dictated by the number of substitutable positions (e.g. 5 for pyridyl, 3 for imidazolyl, 4 for pyrimidinyl); 
however, in particular circumstances (as described more fully below in relation to substituents generally) 

45 steric constraints may dictate that less than this maximum number of substituents may be present. In 

practice, most substituted heterocyclic groups employed in compounds of this type will normally have from i 
1 to 5, more commonly from 1 to 3, substituents. 

Where R 1 represents an alkyl group having a non-aromatic heterocyclic group as a substituent or itself 
represents a non-aromatic heterocyclic group, this has from 5 to 8 ring atoms, of which from 1 to 5. more % 

so preferably from 1 to 3 and most preferably 1 or 2, are hetero-atoms selected from nitrogen, oxygen- and 
sulphur atoms, at least one being a nitrogen atom. The most preferred heterocyclic groups contain 5 or 6 
ring atoms and most preferably 1 or 2 of these atoms are nitrogen atoms and 0 or 1 of these atoms are 
selected from oxygen atoms and sulphur atoms. The non-aromatic heterocyclic group may be a fully 
saturated ring or it may be an unsaturated ring, provided that the unsaturation is not aromatic in character. 

ss Specific examples of preferred non-aromatic heterocyclic groups include the piperidyl (including the 1 - 
piperidyl group known as "piperidino"), pyrrolidiny! (e.g. 1 -pyrrolidinyl). morpholinyl (including the mor- 
pholino group), thiomorpholinyl (including the thiomorpholino group), oxazolidinyl (including 1-oxazolidinyl). 
isoxazolidinyl (including 1-isoxazolidinyl), thiazolidinyl (including 1-thiazolidinyl), imidazolidinyl (including 1- 
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imidazolidinyl) and piperazinyl (including 1*piperazinyi). Such a ring may be unsubstituted or may have at 
least one substituent selected from substituents (a) and/or (b) defined above. The preferred substftuents are: 
Ci -& alky I groups, such as those exemplified above in relation to FT. R 3 or substituent (a); C* -Ci alkoxy 
groups, such as the methoxy, ethoxy, propoxy, isopropoxy, butoxy and isobutoxy groups; phenyl groups, 

s which may b unsubstituted or may themselves have one or more of substituents (a), for example the 
ph nyl. methoxyphenyl, chlorophenyl, fluorophenyl, trifluoromethylphenyl and tolyl groups, especially the 
phenyl, 2-and 4-methoxyphenyi, 2-and 4-chloro phenyl, 2-and 4-fluoroph nyl. 3-trifluorom thylpheny! and 2- 
and 4-tolyl groups; aromatic heterocyclic groups, such as those exemplified above in relation to the 
aromatic heterocyclic groups which may be represented by or included in the groups represented by R 1 

w and which, of course, may themselves be unsubstituted or substituted as defined above, provided that, 
where they are substituted, they are not further substituted by heterocyclic groups; aralkyl groups, in which 
the alkyl part is Ci -Ci and the or each aryl part is as defined above, for example the benzyl and benzhydryl 
groups; araikyloxycarbonyl groups, in which the aralkyl part may be any one of those aralkyl groups 
exemplified below in relation to R 6 and R 7 . especially the benzyloxycarbonyl group: C2 -C5 alkoxycarbonyl 

15 groups, in which the alkoxy part may be any one of those exemplified below in relation to substituent (a), 
especially the ethoxycarbonyl and butoxycarbonyl groups; alkyicarbamoyl groups in which the alkyl part has 
from 1 to 4 carbon atoms, for example a methy (carbamoyl, ethylcarbamoyl, propy (carbamoyl or buty (car- 
bamoyl group; oxygen atoms, representing an oxo substituent; arylalkenoyl groups, in which the aryl part 
may be any one of those exemplified above and the alkenoyi part is a Cj -C?, preferably C3 -Cs, alkenoyi 

20 group, preferably a propenoyl group, for example the cinnamoyl group, which may itself be substituted, and 
this applies generally to arylalkenoyl groups which may be represented by substituent (a); aliphatic acyl 
groups, such as those exemplified below in relation to substituent (a) (especially as substituents on nitrogen 
hetero-atoms); and (also especially as substituents on nitrogen hetero-atoms) heterocyclic-carbonyl groups, 
including those exemplified below in relation to substituent (a) and others, such as the nicotinoyl and 

25 isonicotinoyl groups. The maximum number of substituents is as described generally above in relation to 
aromatic heterocyclic groups. 

Where R 6 , R 7 or substituent (b) represents an aryl group, this is a carbocyclic aryl group having from 6 
to 14, preferably from 6 to 10, ring carbon atoms and which may be unsubstituted or have at least one of 
the substituents (a), defined above. Examples of the unsubstituted aryl groups are the phenyl, indenyl 

30 (which may be 1-, 2-, 3-, 4-. 5-, 6-or 7-indenyl) and naphthyl (1-or 2-naphthyl) groups. Where such aryl 
groups are substituted, they may be any of the groups, e.g. phenyl, indenyl and naphthyl groups, 
exemplified as unsubstituted aryl groups, and have at least one of the substituents (a), as exemplified 
herein. Preferred substituents for aryl groups are: Ci -C< alkyl groups, e.g. the methyl, ethyl, propyl, 
isopropyi, butyl, isobutyl, sec-butyl and t-butyl groups; halogen atoms, e.g. the fluorine, chlorine, bromine 

35 and iodine atoms; d -C* alkoxy groups, e.g. the methoxy, ethoxy, propoxy. isopropoxy, butoxy, isobutoxy, 
sec-butoxy and t-butoxy groups; C2 -Cs alkoxycarbonyl groups, i.e. groups containing a Ci -C* alkoxy group, 
such as those alkoxy groups exemplified above; the trifluoromethyl group; the amino group; the cyano 
group; or the nitro group. Where R 6 or R 7 represents an aryl group, preferably only one is such an aryl 
group, and the preferred aryl group is the phenyl group. 

40 Where R 6 or R 7 represents an aralkyl group, the aryl part thereof is a carbocyclic aryl group having from 
6 to 14, preferably from 6 to 10 and more preferably 6. ring carbon atoms and which may be unsubstituted 
or have at least one of the substituents (a), defined above. Examples of the unsubstituted aralkyl groups are 
the benzyl, phenethyl, benzhydryl and phenylpropyl (e.g. 2-phenylpropyl or 3-phenylpropyl) groups. Where 
such aralkyl groups are substituted, they may be any of the groups, e.g. benzyl, phenethyl. benzhydryl and 

45 phenylpropyl groups, exemplified as unsubstituted aralkyl groups, and have at least one of the substituents 
(a), as exemplified herein. Preferred substituents for aralkyl groups are as illustrated above_Jn relation to 
substituted aryl groups. 

Where R 6 or R 7 represents' a C3 -Cs cycloalkyl group, this may be. for example, the cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl group, preferably the cyclohexyl group. 

50 Where R 3 represents an aromatic heterocyclic group, this is a heterocyclic group (as defined above) 
having aromatic character, i.e. a group having from 5 to 14 ring atoms of which from 1 to 5, preferably from 
1 to 4 more preferably from 1 to 3. are nitrogen, oxygen or sulphur hetero-atoms, and it may be monocyclic 
or polycyclic (e.g. bicyclic). Preferably, it has from 5 to 10, more preferably 5 or 6. ring atoms, of which 
from 1 to 3 are such hetero-atoms. Included amongst the preferred aromatic heterocyclic groups are 

55 bicyclic groups comprising a benzene ring fused to a heterocyclic ring (the heterocyclic ring then preferably 
having 5, 6 or 7 ring atoms of which from 1 to 3 ar said hetero-atoms). Examples -of such aromatic 
het rocyclic groups includ th furyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, imidazolyl, pyridyl, pyrazinyl, 
benzofuryl, benzothienyl, indolyl, benzothiazolyl, benzimidazolyl, quinolyl and isoquinolyl groups. Such 



7 



0 274 259 



groups may be unsubstituted or may have at least one of the substituents (a) andor (b) defined above. 
Preferred such substituents are thos specified abov in relation to the aromatic h t rocyclic groups which 
may be represented by or included in the group represented by R\ The maximum number of such 
substituents is generally also as described abov in relation to such groups. 
5 Where R* represents an alkyl group substituted by a heterocyclic group, this may be any of the 
heterocyclic groups exemplified abov in relation to R* and/or R 3 . preferably a morpholinyl, thiomorpholinyl, 
pyrrolidinyl, pip razinyl, piperidyl, imidazolyl or pyridyl group, which may be unsubstituted or substituted as 
d fined above and .g. as exemplified above in relation to substituents on aromatic heterocyclic groups. 
In all of the above heterocyclic groups, we prefer those groups which have 1, 2 or 3 hetero-atoms. and, 
70 where the heterocyclic group can or must contain a nitrogen atom, the group preferably contains said 
nitrogen atom and 0. 1 or 2 other hetero-atoms selected from nitrogen, oxygen and sulphur atoms, more 
preferably, the heterocyclic group has 5 or 6 ring atoms, of which one or two are nitrogen and optionally 
another one is oxygen or sulphur. 

Where R* represents the aforementioned group of formula (III), the groups R 8 and R 9 may be as * 
7$ exemplified above in relation to the same groups which may be represented by R 6 and R 7 . 

Where A represents a group of formula -{Chtyn-, n may be any one of the integers 1 , 2 and 3, but is 
most preferably 1 . * 

Where substituent (a) represents an aikoxy group, this may be a straight or branched chain alkoxy 
group having from 1 to 4 carbon atoms, and examples include the methoxy, ethoxy, propoxy, isopropoxy, 
20 butoxy. isobutoxy, sec-butoxy and t-butoxy groups. 

Where substituent (a) represents an aliphatic acyl group, this is preferably a Cz -C5 aliphatic acyi group, 
and may be a straight or branched chain group, whose carbon chain may be saturated or unsaturated. It is 
preferably a C2 -C5 alkanoyl group or a C3 -C5 alkenoyl or alkynoyl group. Examples of such groups include 
the acetyl, propionyl. butyryl. isobutyryl, valeryl, isovaleryl. pivaloyl. acryloyt, propioloyl. methacryloyl, 
25 crotonoyl and isocrotonoyl groups. 

Where substituent (a) represents an aromatic acyl group, this is preferably an arylcarbonyl group in 
which the aryl part is as defined above, preferred such groups are the benzoyl and naphthoyl groups, which 
may be unsubstituted or have one or more of substituents (a) f defined above. Examples include the 
benzoyl, g-nitrobenzoyl, 1 -naphthoyl and 2-naphthoy! groups. 
30 Where substituent (a) represents a heterocyclic acyl group, this is preferably a heterocyclic-carbonyl 
group where the heterocyclic part is as defined above. More preferably, the heterocyclic part has 5 or 6 ring 
atoms, of which one or two are nitrogen and optionally another one is oxygen or sulphur. Preferred such 
groups include the piperidylcarbony! (e.g. piperidinocarbonyl), pyrrolidinyicarbonyl (e.g. 1-and 2-pyrroiidinyl- 
carbonyl. especially the prolyl and N-substituted prolyl groups, e.g. N-t-butoxycarbonyl-prolyl and N- 
35 benzyioxycarbonyl-proiyi groups), morphoiinylcarbonyl (e.g. morpholinocarbonyl), oxazolidinyicarbonyi (e.g. 
1-oxazolidinylcarbonyl). thiazolidinylcarbonyl (e.g. 1-thiazolidinylcarbonyl), imidazolidinylcarbonyl (e.g. 1- 
imidazolidinylcarbonyi), piperazinylcarbonyl (e.g. 1 -piperazinylcarbonyl) and perhydro-1,4-thiazinylcarbonyl 
(more commonly known as thiomorpholinylcarbonyl, e.g. thiomorpholinocarbonyl) groups. 

Where substituent (a) represents an aliphatic carboxylic acyloxy group, this has from 1 to 7 carbon 
40 atoms, more preferably from 2 to 6 carbon atoms, for example the formyloxy, acetoxy, propionyloxy, 
butyryloxy, isobutyryloxy, valeryloxy, isovaieryloxy, pivaloyloxy, hexanoyloxy and heptanoyloxy groups. 

Where substituent (a) represents an aromatic carboxylic acyloxy group, the aromatic part may be any 
one of those aryl groups exemplified above but is preferably a phenyl group which may be unsubstituted or 
have one or more substituents, for example the benzoyloxy or g-nitrobenzoyloxy groups. 
45 Where substituent (a) represents an Ci -C7 aliphatic acylamino group, this is more preferably such a 

group having from 2 to 5 carbon atoms, such as the formamido, acetamido, propionamido, butyramido, t 
isobutyramido, valeramido, isovaleramido. pivaloylamino, hexanoylamino and heptanoylamino groups. 

Where substituent (a) represents an aromatic carboxylic acylamino group, the aromatic part may be any 
one of those aryl groups exemplified above but is preferably a phenyl group which may be unsubstituted or * 
so have one or more substituents, for example the benzoyiamino or £-nitrobenzoylamino groups. 

Where substituent (a) represents a halogen atom, this may be the fluorine, chlorine, bromine or iodine 
atom. 

Where substituent (a) represents a mono-or dialkylamino group in which the or each alkyl part is a O - 
Ci alkyl group, it may be, for example the methylamino. ethylamino, propylamino, isopropylamino. 
55 butylamino, isobutylamino, sec-butylamino, dimethylamino, methyl(ethyl)amino, diethylamino, 
dipropylamino, diisopropylamino, dibutylamino, methyl(butyl)amino, ethyl(butyl)amino or diisobutylamino 
group. 

Where substituent (a) represents a mono-or dialkylcarbamoyl group in which the or each alkyl part is a 
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Ci -C* alkyi group, it may b , for example the methylcarbamoyl, ethy (carbamoyl . propylcarbamoyl. 
isopropylcarbamoyl, buty (carbamoyl, isobuty (carbamoyl, sec-buty (carbamoyl, dimethylcarbamoyl, methyl- 
( thyl)carbamoyl. di thy (carbamoyl, dipropyicarbamoyl, diisopropylcarbamoyl, dibutylcarbamoyi, methyt- 
(butyl)carbamoyl, thyl(butyl)carbamoyl'or di isobuty (carbamoyl group. 

Where substituent (a) represents an alkoxy carbon yloxy group in which the alkoxy part is Ci -C*. this is a 
C2 -C5 alkoxycarbonyl group, e.g. the methoxycarbonyl, ethoxycarbonyl. propoxycarbonyl, isopropoxycar- 
bonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl or t-butoxycarbonyl group, 

Where substituent *(a) represents a heterocyclic group, this may be any one of the heterocyclic groups 
exemplified above in relation to R\ R 3 or R* provided that any such heterocyclic substituent is not itself 
substituted by a heterocyclic group. 

Specific examples of groups which may be represented by R 1 include the 1 -pyrrolidinyl. piperidino. 2- 
methylpiperidiho, 3-methylpiperidino. 4-methylpiperidino, 2-ethylpiperidino. 3-ethoxycarbonylpiperidino, 4- 
benzytpiperidino. morpholino, 2,6-dimethylmorpholino, thiomorpholino, 1-ptperazinyl, 4-methyM-piperazinyl. 
4-benzyl-1-piperazinyl, 4-ethoxycarbonyM-piperazinyl, 4-phenyl-1 -piperazinyl. 4-pyridyl-1 -piperazinyl (2-, 3- 
or 4-pyridyl), 4-{4-fluorophenyl}-1-piperazinyl 1 4-(4-chlorophenyi)-1 -piperazinyl, 4-{2-chlorophenyl)-1- 
piperaziny!, 4-{3-chlorophenylH -piperazinyl, 4-(2-methoxyphenyl)-1 -piperazinyl. 4-(2-methylphenyl)-l - 
piperazinyl, 4-(2-pyrimidinyl)-1 -piperazinyl, 4-(4-trifluoromethylphenyl)-1 -piperazinyl, 4-(3-trifluoromethyl- 
phenylH -piperazinyl. amino, methylamino, ethylamino, propylamine isopropylamino. dimethytamino. 
diethylamino, dipropylamino, diisopropylamino, methylbutylamino, dibutyiamino, diisobutyiamino. ben- 
zylamino. phenethylamino, 2-(4-chlorophenyl)ethylamino, t-butyl, N-methyl-N-cyclohexylamino. N-methyl-N- 
benzylamino, N-ethyl-N-benzylamino, N-isopropyl-N-benzylamino. N-methyl-N-{4-methylbenzyl)amino, 1- 
pyrrolidinylmethyl, piperidinomethyl, 1-piperidinoethyl. 2-methylpiperidinomethyl, 3-methylpiperidinomethyl, 
4-methylpiperidinomethyl, 2-ethylpiperidinomethyl. 3-ethoxycarbonylpiperidinomethyL 3-piperidinylmethyl, 

1- morpholinoethyl, morpholinomethyl, 2,6-dimethylmorpholinomethyl, thiomorpholinomethyl. 1 -thiomor- 
pholinoethyl, 2-morpholinoethyl, 3-morpholinopropyl. 2-thiomorpholinoethyI, 3-thiomorpholinopropyl, 1 - 
pipera2inylmethyl, 4-methyl-1-ptperazinyimethyl, 4-benzyM -piperazinylmethyl. 4-ethoxycarbonyl-1- 
piperazinylmethyl, 4-pheny 1-1 -piperazinylmethyl, 4-{2-methoxypheny I)- 1 -piperazinylmethyl, 4-<3-methox- 
yphenyl)-1 -piperazinylmethyl, 4-(4-methoxyphenyl)-l -piperazinylmethyl. 4-(4-chlorobenzhydryl)-1 - 
piperazinylmethyl, 4-{2-pyrimidinyl)-1 -piperazinylmethyl, 4-pyridyM -piperazinylmethyl (2-, 3-or 4-pyridyl), 4- 
(3-trifluoromethylphenyl)-l -piperazinylmethyl, 4-(4-fluorophenyl)-l -piperazinylmethyl, 4-(4-chlorophenyl)-1 - 
piperazinylmethyl, 4-(2-chlorophenyi)-1-piperazinyimethyI. 4-{3-chlorophenyl}-1-piperazinyimethyl, 4-benzyl- 
piperidinomethy I, 1 -t-butoxycarbonyl-2-pyrrolidinyl, 2-pyrrolidiny I, 1 -benzyloxycarbonyl-2-pyrrolidiny I, 
aminomethyl, methylaminomethyl, ethylaminomethyl, propylaminomethyl. 2-aminoethyl. 
phenylaminomethyl, benzylaminomethyl, 2-benzylaminoethyi, isopropylaminomethyl, N.N- 
dimethylaminomethyl, N.N-diethylaminomethyl, N.N-dipropylaminomethyi, N.N-diisopropylaminomethyl, N- 
methyl-N-butylaminomethyl, N.N-dibutylaminomethyl, N.N-diisobutylaminomethyl, N-methyl-N-cycIohex- 
ylaminomethyl, N,N-dicyclohexylaminomethyl. N-methylN-benzylaminomethyl, N-ethyl-N-ben- 
zylaminomethyl. N-isopropyl-N-benzylaminomethyi, N-methyl-N-phenethylaminomethyl, 
phenethylaminomethyl, N-methyl-N-phenylaminomethyl, N-methyl-N-{4-chlorophenyl)aminomethyl, N-ethyl- 
N-phenylaminomethyl. N-methyl-N-{4-methoxybenzyl)aminomethyl, N-methyl-N-(4-chlorobenzyl)- 
aminomethyl, N-methyl-N-(4-methylbenzyl)aminomethyl, N-ethyl-N-(4-methylbenzyl)aminomethyl, 3- 
piperidyl, l-benzyloxycarbonyl-3-piperidyl, 1 -morpholinopropyl, 1-morphollnobutyl, 1-pyrrolidinylethyl, i-{4- 
methyl-1 -piperazinyf)ethyl, 1 -(4-pheny M -pi perazinyl)ethy I and 1 -benzyloxycarbonyl-3-piperidylmethyl 
groups. 

Specific examples of groups which may be represented by R 2 include the cyclohexyl, phenyl. 2- 
fiuorophenyl, 2-trifluoromethylphenyl. 2.3.4,5,6-pentafluorophenyl. 1-naphthyl, 2-naphthyl and 4-methox- 
yphenyl groups. 

Specific examples of groups which may be represented by R 3 include the 2-furyl. 2-thienyl, 2-pyridyi. 
3-pyridyl, 4-pyridyi. phenyl. 2-fluorophenyl, 2-trifluoromethylphenyl, 5-isoxazolyI, 4-thiazolyl. 4-oxazolyl. 4- 
methyl-5-thiazolyl. 5-imidazolyl, 3-indolyl, 4-fluoro-3-indolyl, methyl, ethyl, propyl, isopropyl, butyl and 
isobutyl groups. 

Specific examples of groups which may be represented by R 4 include the 3-(dimethylamino)propyl, 3- 
(diethylamino)propyl, 2-(diethylamino)ethyl. 2-(dimethylamino)ethyl, 2-{1-pyrrolidinyl)ethyl, 2-piperidinoethyl, 

2- morpholinoethyl. 2-thiomorpholinoethyl, 2-(1-metriyl-2-pyrroiidinyl)ethyi, 2-(l-ethyI-2-pyrrolidinyl)ethyl, 1- 
ethyI-2-pyrrolidinylmethyl, 2-(4-methyl-1-piperazinyl)ethyl, 4-piperidylmethyl. 1-ethyl-3-piperidyi. 1-benzyl-4- 
piperidyl, 2-(4-ethoxycarbonyl-i-piperazinyl)ethyl, 2-{4-phenyl-1-piperazinyl)ethyl, 2-(l-piperazinyl)ethyl, 2- 
[4-(2-pyridyl)rl-piperazinyl]ethyl, 2-{4-benzyl-1-piperazinyl)ethyl. 3-morpholinopropyl. 3-morpholinobutyl, 3- 
(2-methylpiperidino)propyl, 2-(2-ethoxycarbonyl-t -pyrrolidinyl)ethyl. 2-(2-carbamoyl-l -pyrrolidinyl)ethyl. 2-(2- 
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propylcarbamoyl-1-pyrrolidinyl)ethyl. 2-morpholinopropyl. 3-(2-oxo-1-pyrrolidinyl)propyl, 2-(2-oxopip ridino)- 
ethyl, 2-(2-oxomorpholino)ethyl,. l-hydroxymethyl-2-methylbutyl. 2-pyridylmethyl, 2-{2-pyridyl)ethyl. 2-(5- 
• imidazolyl) thyl, 2-(1-imidazolyl)ethyi. 2-{2,6-dim thylmorphoiino)ethyl. 1-methyi-2-piperidino thyl, 1-methyi- 
2-morpholinoethyl, 2-hydroxy-3-morphoIinopropyi. 2-hydroxy-3-piperidinopropyl, 2-hydroxy-3-(4-methyl-l- 
5 piperazinyl)propyl, 1-<morpholinomethyl)-2-methylbutyl, 1-(piperidinomethyl)-2-methylbutyl, 1-methylbutyl, 
methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl, pentyl. isopentyl, 2-methylpentyl. 3-methylpentyl. 
h xyl, isoh xyl, heptyl, isoheptyl and octyl groups. 

Specific examples of groups which may be represented by R 5 include the hydrogen atom and the 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, pentyl, isopentyl, 1-methylbutyl. 2-m ethyl butyl, 2- 
70 methylpentyl, 3-methylpentyl, hexyl. isohexyl, heptyl. isoheptyl and octyl groups. 

The more preferred groups which may be represented by R 1 include the 1-pyrrdlidinyl. piperidino. 
morpholino, 2.6-dimethylmorpholino, thiomorpholino, 4-methy!-1 -piperazinyl, 4-phenyl-1 -piperazinyl. 4-(2- 
pyridyl)-1 -piperazinyl, 4-(4-f!uorophenyl)-1 -piperazinyl, 4-{4-chlorophenyl)-1-piperazinyl, 4-(2-chlorophenyl)- 

1 - piperazinyl, 4-{2-m ethoxy pheny I )-1 -piperazinyl. 4-(2-pyrimidinyl)-1 -piperazinyl, diethylamino, methyl- 
75 butylamino. N-methyl-N-cyclohexylamino, N-methyl-N-benzylamino, 1-pyrrolidinylmethyl. piperidinomethyL) 

morpholinomethyl. 2.6-dimethylmorpholinomethyl, thiomorpholinomethyl. 1 -morpholinoethyl, 2-mor- 
pholinoethyl, 3-morpholinopropyl. 4-methyl-1-piperazinylmethyl. 4-phenyl-1 -piperazinylmethyl, 4-(2-methox- 
yphenyl)-1-piperazinylmethyl. 4-{4-chlorobenzhydryl)-1-piperazinylmethyl. 4-(2-pyrimidinyl)-l-piperazinyl- 
methyl, 4-(2-pyridyl)-1-piperazinylmethyl, 4-(4-fluorophenyl)-1-piperazinylmethyK 4-(4-chlorophenyi)-l- 

20 piperazinylmethyl, 4-(2-chlorophenyl)-1 -piperazinylmethy I, 4-benzylpiperidinomethyl, N,N- 
dimethylaminomethyl, N,N-diethylaminomethyl, N-methyl-N-butylaminomethyl, N.N-diisobuty lam ino methyl, 
N.N-dicyclohexylaminomethyl, N-methyl-N-cyclohexyiaminomethyi. N-methyl-N-benzyl aminomethyl. N- 
ethyl-N-benzylaminomethyl, N-isopropylN-benzylaminomethyl and N-methyl-N-phenylaminom ethyl groups. 
The more preferred groups which may be represented by R 2 include the phenyl and 1-naphthyl groups. 

25 The more preferred groups which may be represented by R 2 include the 2-thienyl, 5-isoxazolyl. 4- 
thiazolyl. 5-imidazolyl, 3-indolyl and isopropyl groups. 

The more preferred groups which may be represented by R 4 include the 2-{1-pyrrolidinyl)ethyl, 2- 
piperidinoethyl, 2-morpholinoethyl, 3-morpholinopropyl. 2-morpholinopropyl, 3-(2-oxo-1 -pyrrolidinyl)propyl, 

2- methylbutyl. 1-methyl-2-piperidinoethyi, 1 -(morpholinomethyi)-2-methylbutyl, 1 -(piperidinomethyl)-2- 
30 methylbutyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, pentyl, isopentyl, 2-methylpentyl, hexyl and 

isohexyl groups. 

R 5 preferably represents a hydrogen atom or a propyl group, more preferably a hydrogen atom. 
One class of compounds of the present invention are those compounds of formula (I) in which: 
R 1 represents a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula 

35 

/ 

-N (II) 
\ 

40 R 7 



in which R 6 and R 7 are the same or different and each represents a hydrogen atoms and C« -C* alkyl 
groups; 

45 

R 2 represents a cyclohexyl group, a phenyl group or a naphthyl group; _ 
R 3 represents an imidazolyl group, a thiazolyl group or an isoxazolyl group; 

R A represents a Ci -C* alkyl group having at least one substituent selected from heterocyclic groups having 
5 or 6 ring atoms and groups of formula (111): 

50 

/ 

-N (III) 
\ 

ss R 9 



in which R 8 and P? are the same or different and each represents a hydrogen atom or a Ci -& alkyl 
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group; 

R 5 repr sents a hydrogen atom; 
A represents a group of formula -CHr; 
s said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring het ro-atoms 
s I ct d from nitrogen, xygen and sulphur hetero-atoms: 
and pharmaceuticaJfy acceptable salts thereof. 

Another preferred class of compounds of the present invention are those compounds of formula (I) in 
which: 

w FV represents a Ct -C* alkyl group having at least one substituent selected from py'ridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



15 



-N 



(ID 



R7 



20 in which R 6 and R 7 ar the same or different and each represents a hydrogen atom, a Ct -Ce alkyl group, a 
phenyl group, an aralkyl group or a C3 -Ca cycloalkyl group; 

R 2 represents a phenyl group or a naphthyl group; 
R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms; 
25 R 4 represents a Ct -C$ alkyl group having at least one substituent selected from hydroxy groups, pyridyl 
groups, non-aromatic heterocyclic groups having 5 or 6 ring atoms and groups of formula (III): 



30 



-N 



(III) 



R9 



35 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C1 -Ce alkyl 
group; 

R 5 represents a hydrogen atom; 
40 A represents a group of formula -NH-; 

said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 

selected from nitrogen, oxygen and sulphur hetero-atoms; 

and pharmaceutical^ acceptable salts thereof. 

A still further class of compounds of the present invention are those compounds of formula (I) in which: 
45 R 1 represents a d-Ce alkyl group, a C1 -C2 alkyl group having at least one substituent selected from 

nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



so 




(II) 



\ 

R7 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C* -Ce alkyl group, 
an aralkyl group or a C3 -C7 cycloalkyl group, 

a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II). as defined 
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to 



above; 

R2 represents a phenyl group, a phenyl group having at least one substituent selected from substituents (a), 
defined above, a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined above; 

R3 repr sents an aromatic heterocyclic group having from 5 to 10 ring atoms, a phenyl group, a- phenyl 
group having at least one substitu nt selected from substituents (a), defined above, or a 0 -Ce alkyl group; 
R 4 represents a Ci -C6 alkyl group or a Ci -C6 alkyl group having at least one substituent selected from 
hydroxy groups, pyridyl groups, imidazolyl groups, non-aromatic heterocyclic groups having 5 or 6 ring 
atoms and groups of formula (III): 

R8 

/ 

-N (III) 
\ 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a O -C6 alkyl group; 

20 R 5 represents a hydrogen atom; 

A represents a group of formula -(CH2) n - ( in which n represents an integer of from 1 to 3; 

said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 

selected from nitrogen, oxygen and sulphur hetero-atoms; 

and pharmaceutical^ acceptable salts thereof. 

as A still further class of compounds of the present invention are those compounds of formula (I) in which; 
R 1 represents a Ci -Ce alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



/5 



30 



35 



55 



R6 

/ 

-N (II) 

\ 

R7 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C: -Ce alkyl group, 
a phenyl group, an aralkyl group or a C3 -C? cycloaikyi group. 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms; 
40 R 2 represents a phenyl group, a phenyl group having at least one substituent selected from substituents (a), 
defined above, a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined above; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined above, or a Ci -Ce alkyl group; 
45 R 4 represents a Ci -Ce alkyl group having at least one substituent selected from hydroxy groups, pyridyl 
groups, imidazolyl groups, non-aromatic heterocyclic groups having 5 or 6 ring atoms and groups of 
formula (III): 

50 / 

-N (III) 

\ 

* R9 



In which R 8 and R 9 are the same or different and each represents a hydrogen atom or a Ci -Ce alkyl 
group; 
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R 5 repr sents a hydrog n atom; 

A repr sents a group of formula -NH-; 

said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms; 
5 and pharmaceutically acceptable salts thereof.. 

A still further class of compounds of the present invention are those compounds of formula (I) in which: 
R 1 repr sents a Ct alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



w 



is 



R6 

/ 

-N (II) 
\ 

R7 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C^ -Ce alkyl group, 
a phenyl group, an aralkyl group or a Cj -C7 cycloalkyl group; 



20 or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms; 
R 2 represents a cyclohexyl group; 

R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined below, or a Ci -Cs alkyi group: 
R* represents a Ci -C* alkyl group or a Ci -C6 alkyi group having at least one substituent selected from 
25 hydroxy groups, pyridyl groups, imidazolyl groups, non-aromatic heterocyclic groups having 5 or 6 ring 
atoms and groups of formula (III): 



R8 



30 



-N 



(III) 



R9 



3 5 in which R* and R 9 are the same or different and each represents a hydrogen atom or a Ci -C* alkyl 
group; 

R 5 represents a hydrogen atom; 

A represents a group of formula -NH-; 
40 said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 

selected from nitrogen, oxygen and sulphur hetero-atoms; 

and pharmaceutically acceptable salts thereof. 

A still further class of compounds of the present invention are those compounds of formula (I) in which: 

R 1 represents a Ct -C6 alkyl group having at least one substituent selected from non-aromatic nitrogen- 
45 containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



- N N 

in which R 6 and R ; are the same or different and each represents a hydrogen atom, a Ci -Cs alkyl group, 
55 a phenyl group, an aralkyl group or a C3 -C7 cycloalkyl group. 

a pyridyl group or a non-aromatic nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or, 
when A represents a group of formula -{CH2) n -, a group of formula (11), as defined above; 
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20 



R2 represents a cyclohexyl group, a ph nyl group, a ph nyl group having at least one 'substituent selected 
from substituents (a), defined above, a naphthyl group or a naphthyl group having at least one substituent 
selected from substitu nts (a), defined above; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
s having at least on substituent selected from the group consisting of substituents (a), defined above, or a C- 
-Ce alkyl group; 

R* r pres nts a Ci -Cs alkyl group; 

R 5 represents a hydrogen atom or a Ci -Ca alkyl group; 

A represents a group of formula -NH-; 
70 said heterocyclic groups and nitrogen-containing heterocyclic groups' having from 1 to 3 ring hetero-atoms 

selected from nitrogen, oxygen and sulphur hetero-atoms: 

and pharmaceutically acceptable salts thereof. 

Preferred compounds of the present invention are as follows: 
1. Those compounds of formula (I), defined above, in which: 
is R 1 represents a Qj -Ce* alkyl group, a Ci alkyl group having at least one substituent selected from 

nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 

R6 

/ 

-N (II) 
\ 

R7 

25 in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -C* alkyl 

group, a phenyl group, an aralkyl group or a Cs -C7 cycloalkyl group, 

or a nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or. when A represents a group of 
formula -(CH2) n -. a group of formula (II), as defined above; 
30 R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 
from substituents (aO. defined below, a naphthyl group or a naphthyl group having at least one substituent 
selected from substituents (a'), defined below: 

R3 represents an aromatic heterocyclic group having from 5 to 10 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a'), defined below, or a Ci -C* alkyl group; 
35 R* represents a Ci -Ca alkyl group or a Ci -Ce alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having 5 or 6 ring atoms and groups of formula (III): 

R8 

/ 

40 -N (III) 

\ 

R* 

45 in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a Ci -C* alkyl 

group; 

R 5 represents a hydrogen atom or a Ci -C6 alkyl group; 

A represents a group of formula -NH-or -(CH 2 ) n -, in which n represents an integer of from 1 to 3; 
so said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms and being unsubstituted or having at least one 
substituent selected from substituents (a') and substituents (b); * 



55 
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substituents (a') : Ct -C6 alkyl groups. Ci -Ci aikoxy groups, trifluoromethyl groups, halogen atoms, nitro 
groups, cyano groups, amino groups, Ci -C* alkylamino groups, dialkylamino groups in which each alkyl 
part is Ci -Ci, alkytcarbamoyl groups in which th alkyl part is Ci -Ci, diaikylcarbamoyl groups in which 
each alkyl part is Ci -Ci, alkoxycarbonyloxy groups in which the aikoxy part is Ci -Ci. heterocyclic groups, 
s provided that any such heterocyclic substituent is not itself substituted by 3 substituted heterocyclic or 
heterocyclic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 

said aryl groups and the aryl parts of said aralkyl groups are Ce -C10 carbocyclic aryl groups which are 
unsubstituted or have at least one substituent selected from substituents (a') t defined above; and 
10 the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms; 
and pharmaceutical acceptable salts thereof. 

2. Those compounds of formula (I), defined above, in which: 
R 1 represents a C3 or C4 alkyl group, a Ci -C< "alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

is 

/ 

-N (II) 



20 




in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ci aikyl 
group, a phenyl group, an unsubstituted aralkyl group or a C5 or Cg cycloalkyf group. 

25 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or. when A represents a group of 

formula -(CH2) n -. a group of formula (il). as defined above; 

R 2 represents a cyciohexyl group, a phenyl group, or a naphthyl group; 

R3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 
00 group having at least one substituent selected from substituents (a*), defined below, or a C3 alkyl group: 
R* represents a Ct -C6 alkyl group or Ci -C* alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having 5 or 6 ring atoms and groups of formula (III): 



35 



-N 



(III) 



40 

in which R 8 and R 8 are the same or different and each represents a hydrogen atom, a methyl group or 
an ethyl group; 

R 5 represents a hydrogen atom; 
4 5 A represents a group of formula -NH-or -(CH 2 ) n -. in which n represents an integer of from 1 to 3; 

said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms and being unsubstituted or having at least one 
substituent selected from substituents (a - ) and substituents (b); 



substituents (a*) : Ci -Ci alkyl groups, Ci -C2 aikoxy groups, trifluoromethyl groups, halogen atoms, nitro 
groups, cyano groups, amino groups, Ci -C* alkylamino groups, dialkylamino groups in which each alkyl 
part is Ci -C2, alkylcarbamoyl groups in which the alkyl part is Ct -Ci. diaikylcarbamoyl groups in which 
5 5 each aikyl part is Ct -C2, alkoxycarbonyloxy groups in which the aikoxy part ts Ct -Ci, heterocyclic groups, 
provided that any such het rocyclic substituent is not itself substituted by a substitut d heterocyclic or 
heterocyclic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 
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the aryl parts of said araikyi groups are phenyl groups which are unsubstituted or have at least one 

substituent select d from substituents (a*), defined above: and 

the alky I parts of said araikyi groups hav from 1 to 3 carbon atoms; 

and pharmaceutically acceptabl salts thereof. 

3. Thos compounds defined in 1, and 2, abov , in which n is 1. 

4. Those compounds of formula (I), d fined above, in which: 

R 1 represents a branched chain C 3 or C* alkyl group, a Ci -C4 alkyl group having at least one substituent 
selected from nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



R6 



-N 



R7 



(II) 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C- -C* aJkyi 
group, a phenyl group, an unsubstituted araikyi group or a C5 or Cs cycloalkyl group. 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms and combined through its nitrogen 

atom or a group of formula (II), as defined above; 

R2 represents a cyciohexyl group, a phenyl group or a naphthyl group; 

R3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group or a & alkyl 
group; 

R 4 represents a Ct -Ce alkyl group or a Ci -Cs alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having 5 or 6 ring atoms and groups of formula (III): 



R8 



-N 



(III) 



in which R* and R 9 are the same or different and each represents a hydrogen atom, a methyl group or 
an ethyl group; 

R s represents a hydrogen atom; 

A represents a group of formula -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a") and substituents (b), defined 
above; 

the aryl parts of said araikyi groups are phenyl groups which are unsubstituted or have at least one 
substituent selected from substituents (a*), defined above; and the alkyl parts of said araikyi groups have 
from 1 to 3 carbon atoms; 
and pharmaceutically acceptable salts thereof. 

5. Those compounds of formula (I), defined above, in which: 
R 1 represents a Ct -C4 alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



-N 



R J 



(II) 
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in which R 6 and R 7 are th same or different and each repr s nts a C- -Ci alkyl group, a phenyl group, 
ah unsubstituted aralkyl group or a Cs or cycloalkyi group, 

or a pyridyl group, a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or. when 
5 A represents a group of formula -CHr. a group of formula (II), as defined above; 
R 2 represents a cyclohexyl group, a phenyl group or a naphthyl group; 

R3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a'), defined above, or a C3 alkyl group; 
R* represents a C3 or Ci alkyl group or a Ct -Ce alkyl group having at least one substituent selected from 
10 heterocyclic groups having 5 or 6 ring atoms and dialkylamino groups, in which each alkyl part is Ci -C*; 
R 5 represents a hydrogen atom; 
A represents a group of formula -NH-or -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
75 unsubstituted or having at least one substituent selected from substituents (a*) and substituents (b). defined 
above; 

the aryl parts of said aralkyl groups are phenyl groups: and 
the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms; 
and pharmaceutical^ acceptable salts thereof. 
20 6. Those compounds of formula (I), defined above, in which: 

R 1 represents a Ci -Ci alkyl group having at least one substituent selected from non-aromatic nitrogen- 
containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



25 



-N 



(II) 



30 

in which R 6 and R 7 are the same or different and each represents a Ci -Ci alkyl group, a phenyl group, 
an unsubstituted aralkyl group or a cyclohexyl group. 

or a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or, when A represents a 
35 group of formula -CHr. a group of formula (II), as defined above; 
R 2 represents a phenyl group or a naphthyl group; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, an indolyl group, a phenyl group or 
a C3 or Ci alkyl group; 

R 4 represents a C3 or Ci alkyl group or a Ci -Ce alkyl group having at least one substituent selected from 
40 heterocyclic groups having 5 or 6 ring atoms and dialkylamino groups, in which each alkyl part is Ci -C*; 
R 5 represents a hydrogen atom; 
A represents a group of formula -NH-or -CHr; 

.said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
45 unsubstituted or having at least one substituent selected from substituents (a*) and substituents (b), defined 
above; 

' the aryl parts of said aralkyl groups are phenyl groups; and 
the alkyl parts of said aralkyl groups have 1 or 2 carbon atoms; 
and pharmaceutical^ acceptable salts thereof. 

50 

Still more preferred compounds of the invention are those compounds of formula (I) in which: 
7. R 1 represents a t-butyl group, a Ci -C3 alkyl group having a single substituent selected from the 
group consisting of: 

groups of formula (II). defined above in which R 6 represents a Ci -C* alkyl group and R 7 represents a Ci 
55 -Ci alkyl group, a benzyl group or a cyclohexyl group, and heterocyclic groups having 5 or 6 ring atoms, of 
which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from nitrogen, oxygen and 
sulphur hetero-atoms, 
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a group of formula (II), defined above in which R 6 represents a C* -C4 allcyl group and R 7 represents a C- -C< 
alkyl group, a benzyl group or a cyclohexyl group, or a heterocyclic group having 5 or 6 ring atoms, of 
which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from nitrogen, oxygen and 
sulphur hetero-atoms. 

8. R 1 represents a Ct -C3 aikyl group having a single substituent selected from th group consisting 

of: 

morpholino, thiomorpholino, piperidyl and pyrrolidinyi groups; piperazinyi groups which themselves 
have a single substituent selected from Ci -C3 alkyl groups, C2 -C* alkoxy carbon y I groups, benzyl groups, 
phenyl groups, benzhydryi groups, pyridyl groups and phenyl and benzhydry! groups having a substituent 
selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; dialkylamino groups in which 
each alkyl part is Ci -C*; benzylamino groups, and N-alkyl-N-benzylamino. N-alkyl-N-phenethylamino and N- 
alkyl-N-cyclonexylamino groups in which the alkyl part is Ci -C*; 

a morpholino group; a thiomorpholino group; a piperidyl group; a pyrrolidinyi group; a piperazinyi group 
which has a single substituent selected from Ci -C3 alkyl groups, C2 -C* alkoxycarbonyl groups, phenyl 
groups, pyridyl groups and phenyl groups having a substituent selected from halogen atoms. C- -C3 alkoxy 
groups and trifluoromethyl groups; a dialkylamino group in which each alkyl part is Ct -C*: or an N-alkyl-N- 
benzylamino, N-alkyl-N-phenethylamino or N-alkyl-N-cyciohexyiamino group in which the alkyl part is C- - 
C*. 

9. R 1 represents a Ci -C3 alkyl group having a single substituent selected from the group consisting 

of: 

morpholino, thiomorpholino, piperidyl and pyrrolidinyi groups; piperazinyi groups which themselves 
have a single substituent selected from Ci -C3 alkyl groups, C2 -C* alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryi groups, pyridyl groups and phenyl and benzhydryi groups having a substituent 
selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; benzylamino groups; 
dialkylamino groups in which each alkyl part is Ci -C4; and N-alkyl-N-benzylamino. N-alkyl-N- 
phenethylamino and N-alkyl-N-cyclohexylamino groups in which the alkyl part is Ct -C*; 

a morpholino group; a piperazinyi group which has a single substituent selected from Ci -C3 alkyl groups, 
ethoxycarbonyl groups, phenyl groups and phenyl groups having a substituent selected from halogen 
atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; or an N-aikyl-N-benzyiamino or N-alkyl-N- 
cyclohexylamino group in which the alkyl part is Ci -C*. 

10. R 1 represents a 4-phenyM -piperazinyi, N-methyl-N-benzylamino, morpholino, N-methyl-N- 
cyciohexylaminomethyl. N-methyl-N-benzyiaminomethyl, N-isopropylN-benzylaminomethyl. ben- 
zylaminomethyl, 4-phenyM -piperazinylmethyl, diethylaminomethyl, N-methylN-butyiaminomethyl, N-methyl- 
N-phenylaminomethyl, morphoiinomethyl, 3-morpholinopropyl, 4-(4-fluorophenyl)-1-piperazinylmethyl, 4-{4- 
chlorophenyl)-1 -piperazinylmethyl, 4-(4-methoxypheny I)-1 -piperazinylmethyl, N-methy l-N- 
phenethylaminomethyl, diisobutylaminomethyl or 4-(4-Qhlorobenzhydry!)-1 -piperazinylmethyl group. 

11. R 2 represents a phenyl or naphthyl group, especially a naphthyl group. 

12. R 3 represents a thienyl. isoxazolyl, thiazoly!, imidazolyi, pyridyl, indotyl, phenyl or isopropyl 

group. 

13. R 3 represents a thienyl, isoxazolyl, thiazolyl, imidazolyi or isopropyl group. 

14. R 4 represents a C3 -Ce alkyl group or a Ct -C* alkyl group having a single substituent selected 
from heterocyclic groups having 5 or 6 ring atoms. 

15. R 4 represents a propyl, butyl, isobutyl, sec-butyl, pentyl. isopentyl. 2-methylbutyi t hexyl. isohexyl 
or 2-methylpentyl group, a Ci -C3 alkyl group having a morpholino or 2-oxopyrrolidinyl substituent or a 1- 
morphoIinomethyl-2-methylbutyl group. 

16. R 4 represents a 2-morpholinoethyl, propyl, butyl, isobutyl, pentyl, isopentyl. 2-methylbutyl, hexyl, 
3-(2-oxo~1-pyrrolldinyl)propyl or 1-morpholinomethyl-2-methylbutyl group. 

17. A represents a group of formula -NH-or -{CH2) n -. in which n represents 1 or 2. 

In general, where reference is made herein to "substituted" groups, there is no specific maximum limit 
to the number of possible substituents, although, in specific cases, steric constraints may impose a practical 
maximum limit. In principle, the maximum number of substituents is determined by the number of 
substitutable atoms and, where the substituent is relatively small, complete. substitution may be possible. 
For example, where the substituent is relatively small such as a halogen (e.g. fluorine or chlorine) atom, the 
substituted group may range from the monohalo to perhalo groups, e.g. from monohaioalkyl to perhaloalkyl. 
Where the substituent is "bulkier". e.g. a t-butyl group, steric effects may prevent substitution of all 
substitutable positions. Howev r t these effects are well-known to those skilled .in the art and require no 
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furth r discussion here. 

The compounds of the invention contain at least three asymmetric carbon atoms, that is to say the 
carbon atom to which the group represented by R 2 CH2 is attached, that to which the group represented by 
R 2 CH2 is attach d and that to which the cyciohexylmethyl group is attached, and can, depending upon the 
values of the various substituent groups defined above, also contain other asymmetric carbon atoms. 
Accordingly, a variety of optical isomers are possible. The present invention envisages both "the individual 
isolated isomers as well as mixtures (e.g. racemates) thereof. However, we particularly prefer those isomers 
in which: the carbon atom to which the group represented by R 2 CH 2 is attached is in the S-configuration: 
the carbon atom to which the group represented by R 3 CH2 is attached is in the S-configuration; the carbon 
atom to which the cyciohexylmethyl group is attached is in the S-configuration. More preferred are those 
compounds in which the carbon atom to which the cyciohexylmethyl group is attached is in the S- 
configuration and the carbon atom to which the group represented by R 3 CH2 is attached is in the S- 
configuration, and still more preferred are those compounds in which all three of the carbon atoms referred 
to above are in the S-configuration. Where optically active starting materials are employed to produce the 
compounds of the invention and/or stereo-specific routes are employed, it may be possible to produce 
individual isomers of the compounds of the invention. In other cases, mixtures of various isomers may be 
produced and, in such a case, these mixtures may be used as such or the individual isomers may be 
isolated by well-known techniques. 

The compounds of the invention contain basic nitrogen atoms and, depending upon the value of certain 
of the substituents, may also contain free carboxy groups. Accordingly, the compounds of the invention will 
normally form acid addition salts and may, where they contain at least one carboxy group, also form salts 
with cations. The nature of the acid or cation employed to form such a salt is not critical to the invention, 
except where the compounds of the invention are intended for therapeutic use, in which case the resulting 
salt must be pharmaceutically acceptable which, as is well-known to those skilled in the art, means that the 
salt must not have an increased toxicity or substantially increased toxicity or a reduced activity or 
substantially reduced activity, as compared with the free compound of formula (I). However, where the 
compounds of the invention are intended for non-therapeutic use, e.g. as intermediates, even this limitation 
need not apply. 

Examples of acids which can be employed to form acid addition salts include: mineral acids, such as 
hydrochloric acid, sulphuric acid and phosphoric acid; organic carboxylic acids, such as oxalic acid, maleic 
acid, succinic acid and citric acid: and organic sulphonic acids, such as methanesulphonic acid, ben- 
zenesulphonic acid and g-toluenesulphonic acid. The compounds may also form salts with: alkali and 
alkaline earth metals, such as sodium, potassium, calcium and magnesium; and organic bases, such as 
dicyclohexylamine. 

Where the compounds contain a carboxy group and can form esters, the nature of the ester group is 
not critical, and it can be chosen having regard to the normal criteria applied to the choice of esters for 
pharmaceutically active compounds. By way of example only, suitable esters include: lower alky! esters, 
such as the C2 -C5 alkyl esters, e.g. the methyl esters, ethyl esters, propyl esters, isopropyl esters, butyl 
esters, isobutyi esters, sec-butyl esters or t-butyl esters; aralkyl esters, in which the aryl part is as defined 
above, but is preferably phenyl (which may be substituted or unsubstituted) and the alkyl part is Ci -C* alkyl 
(preferably methyl, ethyl or propyl), for example, the benzyl esters. f>methylbenzyl esters, £-chlorobenzyl 
esters and rj-methoxybenzyl esters; and phenacyi esters. 

Where the compounds contain a carboxy group, they may also form amides, and preferred amides are 
those compounds in which the carboxy group has been replaced by one of the carbamoyl groups illustrated 
above in relation to substituent (a). 

Examples of specific compounds of the invention are given in the following formulae (1-1) to (I-8). in 
which the substituents are as defined in the corresponding one of Tables 1 to 6 [i.e. Table 1 relates to 
formula (1-1). Table 2 relates to formula (I-2) and so on]. The compounds of the invention are hereinafter, 
where appropriate, identified by the numbers appended to them in these Tables. In the Tables, the following 
abbreviations are used: 



Boc 


t-butoxycarbonyl 


Bu 


butyl 


[Bu 


' isobutyi 


SBu 


sec-butyl 


Fbu 


t-butyl 


Bz 


benzyl 


Bzhy 


benzhydryl 
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Car carbamoyl 

Et thyl 

Etc thoxycarbonyl 

•Hp heptyl 

iHp isoheptyl 

Hx h xyl 

cHx cyclohexyl 

[Hx isohexyl 

Imid imidazolyl 

Ind indolyl 

Isox isoxazolyi 

Me methyl 

Mor morpholino 

Np naphthyl 

Oc octyl 

Ph phenyl 

Pip piperidyl 

Pix piperazinyl 

Pn pentyl 

iPn isopentyl 

Pr propyl 

iPr isopropyl 

Pym pyrimidinyl 

Pyr pyridyl 

Pyrd pyrrolidinyl 

TFM trifluoromethyl 

Thi thienyl 

Thiz thiazolyl 

Thz perhydro-1 .4-thiazin-4-yl ( = thiomorpholino) 
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'I II II | II 
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I 

CH 2 
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(1-3) 



CH 2 



20 



R 1 -C- (CH 2 ) n -CH-C-NH-CH-C-NH-CH-CH-CH 2 -C-NH-R 4 
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35 
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TABLE 1 



Cpd 
No. 


R 1 


R 3 


R 4 

— 


n 


1-1 


H 2 N ~ 


5-Imid 


2-MorEt 


1 


1-2 


H 2 N ~ 


4-Thiz 


2-MorEt 


1 


1-3 


MeHN- 


4-Thiz 


2-MorEt 


1 


1-4 


EtHN- 


4-Thiz 


2-MorEt 


1 


1-5 


PrHN- 


4-Thiz 


2-MorEt 


1 


1-6 


PrHN- 


4-Thiz 


2-(l-Me-2-Pyrd)Et 


1 


1-7 


PrHN- 


4-Thiz 


2- ( 1-Pyrd )Et 


1 


1-8 


PrHN- 


4-Thiz 


2-(4-Me-l-Piz)Et 


1 


1-9 


PrHN- 


5-lsox 


2-(4-Me-l-Piz)Et 


1 


1-10 


PrHN- 


5-Isox 


2-MorEt 


1 


1-11 


PrHN- 


5-Isox 


2-(4-Me-l-Piz)Et 


1 


1-12 


PrHN- 


5-Imid 


2-(4-Me-l-Piz)Et . 


1 


1-13 


PrHN- 


5-Imid 


2-MorEt 


1 


1-14 


Me 2 HN- 


4-Thiz 


2-MorEt 


1 


1-15 


Et 2 HN- 


4-Thiz 


2-MorEt 


1 


1-16 


Et 2 HN- 


4-Thiz 


2-(l-Pip)Et 


1. 


1-17 


Et 2 HN- 


4-Thiz 


2-(4-Me-l-Piz)Et 


1 


1-18 


Pr 2 HN- 


4-Thiz 


2-(i-Pyrd)Et 


1 


1-19 


1-Pyrd 


4-Thiz 


2-(l-Pyrd)Et 


1 


1-20 


1-Pytd • 


4-Thiz 


3-MorPr 


1 


1-21 


1-Pyrd 


4-Thiz 


2-(l-Pyrd)Et 


1 


1-22 


l-Pyrd 


4-Thiz 


2-(l-Pip)Et 


1 


1-23 


1-Pyrd 


4-Thiz 


2-(4-Me-l-Piz)Et 


1 


1-24 


1-Pyrd 


4-lsox 


2-MorEt 


1 


1-25 


1-Pyrd 


5-Imid 


2-MorEt 


1 


1-26 


l-Pyrd 


5-Imid 


2-(4-Me.-l-Piz)Et 


1 


1-27 


1-Pip 


5-Imid 


2-MorEt 


1 


1-28 


1-Pip 


5-lmid 


3-MorPr 


1 


1-29 


1-Pip 


5-Imid 


2-ri-Pip)Et 


1 
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TABLE 1 (cont) 



Cpd 
No. 


R 1 


R 3 


R 4 


11 


1-30 


1-Pip 


5-Imid 


2- f 4-Me-l-Piz ^Et 


X 


1-31 


l-Pip 


5-Isox 


2~( 4-Me-l-Piz^Et 


1 

X 


1-32 


1-Pip 


5— Xsox 


2 _ f 1 —PI" — 7 „pvrH \ P f 


X 


1-33 


1-Pip 

■*• * * tr 


4-Thiz 


2 - f 1— Et- 7 -Pvrd ^Pt 

*< \ X — u A— & jr X. U J C* l«> 


X 


1-34 


1-Pip 

It 


4-Thiz 


2-MorEt 


X 


1-35 


1-Pip 

• * tr 


* 4-Thiz 


2- f 4-Me-l-Piz ^Et 

*» \ — Wv — * — X X Xt y w W 


X 


1-36 


Mor 


4-Thiz 




T 
X 


1-37 


Mor 


4-Thiz 


3-fFtL N^Pr 

O— VCtL-^n / ~X 


X 


1-38 


Mor 


4-Thiz 


2-( 1-Pvrd ^pr 


T 
X 


1-39 


Mor 


4-Thiz 


2- C 1-Pin^Et 


n 

x 


1-40 


Mor 


4-Thiz 

^1 — X *4 X *» 


2 —Mo pVt 


X 


1-41 


Mor 


4-Thiz 


2-ThzEt 

x> — X Xlx>x* l> 


X 


1-42 


Mor 


4-Thiz 


2— ( T -MP-.7 —Pvrrl ^Ff 
a— \ a— rac— * — ry lu^lu 


X 


1-43 


Mor 


4-Thiz 


fc — \ x— c#u— <& — ry x> u ^ c* l> 


l 
X 


1-44 


Mor 


4-Thiz 


2- f 4-Me-l-Piz ^Et 


1 
X 


1-45 


Mor 


4-Thiz 




X 


1-46 


Mor 


4-Thiz 












-l-Piz lEt. 

X ± X *» J X* W 


1 

X 


1-47 


Mor 


4-Thiz 


2- f 4-Ph-l-Piz^Et. 


1 

X 


1-48 


Mor 


4-Thiz 


2-fl-Piz^Et 


x 


1-49 


Mor 






T 
X 


1-50 


Mor 


4-Thiz 


3-MorPr 


1 


1-51 


Mor 


4-Thiz 


3-(2-Me-l-Pip)Pr 


1 


1-52 


Mor 


4--Thiz 


2-(4-Bz-i-Piz)Et 


1 


1-53 


Mor 


4-Isox 


3-(Me 2 N)Pr 


1 


1-54 


Mor 


4-I60X 


2-(l-Me-2-Pyrd)Et 


1 


1-55 


Mor 


4-Isox 


2-(4-Me-l-Piz)Et 


1 


1-56 


Mor 


4-Isox ' 


3-MorPr 


1 


1-57 


Mor 


4-Isox 


2-(4-Etc-l-Piz)Et 


1 
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TABLE 1 (conO 



„ ^ „1 3 4 

Cpd R R R 

TO 

No. 





1-58 


Mor 


4-Isox 


2-(l-Et-2-Pyrd)Et 


1 


15 ' 


1-59 


Mor 


4-Isox 


2-(l-Pip)Et 


1 




1-60 


Mor 


4-Isox 


2-MorEt 


1 




1-61 


Mor 


4-ISOX 


3-{Et 2 N)Pr 


1 


20 


1-62 


Mor 


5-Imid 


3-(Me 2 N>Pr 


1 




1-63 


Mor 


5-Imid 


2-(Et 2 N)Et 


.1 




1-64 


Mor 


5-Imid 


2-(l-Pyrd)Et 


1 


25 


1-65 


Mor 


5-Imid 


2-(l-Me-2-Pyrd)Et 


1 


1-66 


Mor 


5-Imid 


2-MorEt 


1 




1-67 


Mor 


5-Imid 


3-MorPr 


1 




. 1-68 


Mor 


5-Imid 


2-(4-Me-l-Piz)Et 


1 


30 


1-69 


4-Me-l-Piz 


5-Imid 


2-{4-Me-l-Piz)Et 


i 




1-70 


4-Me-l-Piz 


5-Imid 


2-MorEt 


1 




1-71 


4-Me-l-Piz 


5-Imid 


2-{l-Pyrd)Et 


1 


35 


1-72 


4-Me-l-Piz 


5-Imid 


2-(l-Pip)Et 


1 




1-73 


4-Me-l-Piz 


5-Imid 


2- ( l-Me-2-Pyrd ) Et 


1 




1-74 


4-Me-l-Piz 


5-Imid 


3-(Et 2 N)Pr 


1 


40 


1-75 


4-Me-l-Piz 


5-lBOX 


3-(Et 2 N)Pr 


1 


1-76 


4-Me-l-Piz 


5-Isox 


2-(4-Me-l-Piz)Et 


1 




1-77 


4-Me-l-Piz 


5-Isox 


2-MorEt 


1 




1-78 


4-Me-l-Piz 


4-Thiz 


2-MorEt 


1 


45 


1-79 


4-Me-l-Piz 


4-Thiz 


2-(4-Me-l-Piz)Et 


1 




1-80 


4-Me-l-Piz 


4-Thiz 


2-(l-Pyrd)Et 


1 




1-81 


4-Me-l-Piz 


4-Thiz 


2-<l-Pip)Et 


1 


50 


1-82 


4-Etc-l-Piz 


4-Thiz 


2-MorEt 


1 




1-83 . 


4-Etc-l-Piz 


5-Isox 


2-MorEt 


1 




1-84 


4-Etc-l-Piz 


5-lmid 


2-MoxEt 


1 


55 


1-85 


4-Ph-l-Piz 


5-Imid 


2-MorEt 


1 


1-86 


4-Ph-l-Piz 


4-Thiz 


2-MorEt 


1 
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TABLE 1 (cont^ 



Cpd 
No. 


R 1 


R 3 






1-87 


4-Ph-l-Piz 


* — 1 ill x* 


7 (A TLX a T T}{ <« \ Ci4* 

a- v H-we-i-riz JEt 


1 


1-88 


4-Ph-l-Piz 




Z -KOC&U 


1 


1-89 


4-Ph-l-Piz 

^ JT LX X X X X- 


J — 1 SOX 


{ x-Et-2-Pyrd )Me 


1 


1-90 


4-Bz-l-Piz 


5 — 1 SOT 


V -x — C* t — & — tryXTU J Mc 


i 


1-91 


4-Bz-l-Pi2 


C T 0 a v 
J'lbUA 


z —no ecu 


1 


1-92 


1-Pvrd 


^ — X UlZ 


Z— MOrEL 


1 


1-93 


Thy 




2 -MO EEC 


1 


1-94 


2 # 6-diMeMor 


4 — Thi z 


x — rou x Ci l> 


T 
X 


1-95 


4- (2-MeOPM -1-Pi2 


** — X 11 X ** 




1 


1-96 


4-(2-CiPh) -1-Piz 


— X XIX Xr 


7 _Wn t-T? t- 


1 


1-97 


* \ * * * u / " x — X X X> 


d-Thi * 

*» — 111 1 X* 


7 UApPt 1 

z-nocc,L 


1 


1-98 


Mor 


* — x Ul X 






1-99 


Mor 


* — l ill z 


v i-i£u-z— ryra )Me 


"I 

1 


1-100 


cHx(Me)N- 


4-Thiz 


7-MnrFt 


1 


1-101 


Bz(Me)N- 


d-Thi -7 


Z -BOttt 


1 


1-102 


Mor 


4-Thiz 

^ — X 11 X Xi 












— X — ijf IU } L L 


1 

X 


1-103 


cHx(Me)N- 


4-Thiz 


«J \ X» — WAV"* 










-1-Pvrd ^Pr 


T 

X 


1-104 


BzNH- 


4-Thiz 


2-MorEt 


T 

X 






4-ThlZ 


2-MorEt 


1 


1-106 


tBu 


4-Thiz 


2-MorEt 


1 


1-107 


cHx(Me)N- 


5-Isox 


2-MorEt~ 


1 


1-108 


Bz(He)N- 


5-Isox 


2-MorEt 


1 


1 -109 


Bz (Me)N- 


5-Isox 


3- (2-0X0- 










-l-Pyrd)Pr 


1 


1-110 


Mor 


2-Thi 


3- (2-0X0- 










-l-Pyrd)Pr 


1 


1-111 


HOC 


2 -Thi 


2-MorEt 


1 
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TABLE 1 (cont) 



Cpd R 
No. 



1-112 


Mor 




Ph 


2-MorEt 


1 


1-113 


Bz(Me)N- 




Ph 


2-MorEt 


1 


1-114 


cHx(Me)N- 




Ph 


2-MorEt 


1 


1-115 


Mor 




iPr 


2-MorEt 


1 


1-116 


cHx(Me)N- 






2-MorEt 


1 


1-117 


- Bz{Me)N- 




iPr 


2-MorEt 


1 


1-118 


Mor 




3-Ind 


2-MorEt 


1 


1-119 


Mor 




4-Thiz 


2-(l-Imid)Et 


1 


1-120 


Mor 




4-Thiz 


2-MorPr 


1 


1-121 


2,6-diMeMor 




4-Thiz 


2-MorEt 


1 


1-122 


4-(2-Pyr)-l- 


-Piz 


4-Thiz 


2-MorEt, 


1 


1-123 


4-(2-Pyra)-l- 


-Piz 


4-Thiz 


2-MorEt 


1 


1-124 


Et 2 N- 




iPr 


2-MorEt 


1 


1-125 


Me(Bu)N- 




iPr 


2-MorEt 


1 


1-126 


Mor 




iPr 


2-MeBu 


1 


1-127 


Mor 




4-Thiz 


2-(l-Imid)Et 


1 


1-128 


tBu 




4-Thiz 


2-MorEt 


1 


1-129 


tBu 




5-Isox 


2-MorEt 


1 


1-130 


tBu 




4-Thiz 


2-MeBu 


1 


1-131 


Mor 




4-Thiz 


2-MeBu 


1 


1-132 


Mor 




4-Thiz 


LPn 


1 


1-133 


Mor 




4-Thiz 


l-HOMe-2-MeBu 


1 


1-134 


cHx(Me)N- 




4-Thiz 


2-MeBu 


1 


1-135 


Bz(Me)N- 




4-Thiz 


2-MeBu 


1 


1-136 


4-Ph-l-?iz 




4-Thiz 


2-MeBu 


1 


1-13.7 


tBu 




5-Isox 


2-MeBu 


1 


1-138 


•Mor 




5-Isox 


2-MeBu 


1 


1-139 


cHx(Me)"N- 




5-lBOX 


2-MeBu 


1 


1-140 


Bz (Me)N- 




5-ISOX 


2-MeBu 


1 
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TABLE 1 (cont) 



Cpd 
No. 


R 1 


R 3 


R 4 


n 


1-141 


HOC 


Ph 


2-MorEt 


2 


1-142 


Mor 


4-Thiz 


2-MorEt 


2 


1-143 


Mor 


4-Thiz 


3-(2-oxo- 










-l-Pyrd)Fr 


2 


1-144 


cHx(Me)N- 


4-Thiz 


3-(2-oxo- 










-l-Pyrd)Pr 


2 


1-145 


cHx(Me)N- 


4-Thiz 


2-MorEt 


2 


1-146 


Bz(Me)N- 


4-Thiz 


2-MorEt 


2 


1-147 


Moc 


4-Thiz 


2-MorEt 


3 


1-148 


cHx(Me)N- 


4-Thiz 


2-MeBu 


3 



29 



0 274 259 



JO 

%■ 

15 

TABLE 2 



20 


Cpd 
No, 


R 13 


R 3 


R 4 


n 


25 


2-1 


Mor 


4-Thiz 


2-MorEt 


1 




2-2 


cHx(Me)N- 


4-Thiz 


2-MorEt 


1 




2-3 


Bz(Me)N- 


4-Thiz 


2-MorEt 


1 


30 


2-4 
2-5 


4-Ph-l-Piz 
Mor 


4-Thiz 
4-Thiz 


2- MorEt 

3- (2-OXO- 
-l-Pyrd)Pr 


1 
1 




2-6 


Mor 


5-Isox 


3-(2-oxo- 




35 








-l-Pyrd)Pr 


1 




2-7 


Mor 


5-Isox 


2-MorEt 


1 




2-8 


Bz (Me)N- 


iPr 


2-MorEt . 


1 


40 


2-9 


Mor 


4-Thiz 


2-MeBu 


1 




2-10 


cHx(Me)N- 


4-Thiz 


2-MeBu 


1 




2-11 


Bz (Me)N- 


4-Thiz 


2-MeBu 


1 



45 



50 



30 
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TABLE 3 



Cpd 
No* 


R 1 


R 3 


* R 4 


n 


3-1 


Mor 


4-Thiz 


2 - f A .Ma -1 —Pi ?^Vt 


1 


3-2 


Mor 


4-Thiz 


4& — nu itCi l 


1 


3-3 


Mor 


5 — I nil d 


x> — C1\J lCi U 


1 


3-4 


1-Pip 


5— I mid 


7 -MorFr 

— nu X> Ci L» 


1 


3-5 


1-Pip 


*» — iUl^ 


-6 — MOiLL 


1 


3-6 


2 * 6— d iMeMor 


4-Thiz 


** — x> c* u 


■t 
X 


3-7 


2 « 6 — d iMeMo r 


4-Thiz 


-w — ^ a— CfU— .c — ryiu ^ II* t. 


X 


3-8 


4-Me-l-Piz 


5-Imid 


7-MnrFt 


X 


3-9 


4-Me-l-Piz 


1 — x xi x z. 


7 Mf> r TP r 

4& — WOX. £j L, 


1 


3-10 


4-Me-l-Piz 


5— Isox 


2-MorFt 


X 


3-11 


4-Etc-l-Piz 


S\ _ T CAY 


o Mn r T7 1* 


1 


3-12 


4-Etc-l-Piz 


•a — X XIX tt 


& — nOxTil u 


1 


3-13 


4-Ph-l-Pi -7 


** — xnx z 


Z— WOXTE* L. 


1 


3-14 


4- f 2-C5.Ph}-l-Piz 

* \ \* a* x xx y a — * x x* 


*S — X11X X* 


x. — £-1Ux7£» L 


1 


3-15 


4-(2-MePM -1-Piz 


***** X i-l X x. 


«w —KU XT C* w 


X 


3-16 


Bz(Me)N- 


4-Thi z 

"* — X 14 X x» 


-nu ILL 


X 


3-17 




5— Isox 


z-M0rt*u 


1 


3-18 




D — X BOX 


3 — ( 2—0X0— 










— X— ry xTu ) rx 


X 


3-19 


Bz(Me)N- 


( * — T COY 


7 -MftrFt 


X 


•J — A W 


H — trLl— X— JrXZ 


b- ISOX 


2 -MorEt 


1 


3-21 


cHx(Me)N- 


5-ISOX 


2-MorEt 


1 


3-22 


Mor 


iPr 


3-(2-oxo- 










-l-Pyrd)Pr 


1 


3-23 


Mor 


iPr 


2-MeBu 


1 


3-24 


cHx(Me)N- 


iPr 


2-MeBu 


1 


3-25 


Bz (Me)N- 


iPr 


2-MeBu 


1 


3-26 


tBu 


iPr 


2-MeBu 


1 


3-27 


tBu • 


5-Isox 


2-MeBu 


1 



31 



0 274 259 



TABLE 3 



Cpd 


R 1 


R 3 


R 4 


ri 


No. 










3-28 


Mot 


5-ISOX 


2-MeBu 


1 


3-29 


cHx(Me)N- 


5-Isox 


2-MeBu 


1 


3-30 


Bz(Me)N- 


5-Isox 


2-MeBu 


1 


3-31 


CHX 2 N- 


4-Thiz 


2-MorEt 


1 


3-32 


1-Pyrd 


4-Thiz 


2-MorEt 


1 


3-33 


1-Pyrd 


4-Thiz 


2-(l-Et-2-Pyrd)Et 


1 
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TABLE 4 



Cpd. 

No. R 1 R 3 



4-1 


H^NMe 


4-Thiz 


2-MorEt 


4-2 


2-H^NEt 


4-Thiz 


2-MorEt 


4-3 


(MeHN)Me 


4-Thiz 


2-MorEt 


4-4 


(EtHN)Me 


4-Thiz 


2-MorEt 


4-5 


(PrHN)Me 


4-Thiz 


2-MorEt 


4-6 


(PrHN)Me 


4-Thiz 


2-(l-Me-2-Pyrd)Et 


4-7 


(PrHN)Me 


4-Thiz 


2-(l-Pyrd)Et 


4-8 


(PrHN)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


4-9 


(PrHN)Me 


5-ISOX 


2-(4-Me-l-Piz)Et 


4-10 


(PrHN)Me 


5-lsox 


2-MorEt 


4-11 


(PrHN)Me 


5-ISOX 


2-(4-Me-l-Piz)Et 


4-12 


(PrHN)Me 


5-Imid 


2-(4-Me-l-Piz)Et 


4-13 


(PrHN)Me 


5-Imid 


2-MorEt 


4-14 


(Me 2 N)Me 


4-Thiz 


2-MorEt 


4-15 


(Et 2 N)Me 


4-Thiz 


2-MorEt 


4-16 


[Bu (Me)N]Me 


4-Thiz 


2-MorEt 


4-17 


[Bu(Me)N]Me 


4-Thiz 


2-ThzEt 


4-18 


[Bu(Me)N]Me 


4-Thiz 


2-(l-Pip)Et 


4-19 


[Bu (Me)N]Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


4-20 


[Bu(Me)N]Me 


5-lsox 


2-MorEt 


4-21 


[Bu(Me)N]Me 


5-lsox 


2-ThzEt 


4-22 


(Pr 2 N)Me 


5-lsox 


2-MorEt 


4-23 


(Pr 2 N)Me 


4-Thiz 


2-MorEt 


4-24 


(iPr 2 N)Me 


4-Thiz 


2-MorEt 


4-25 


(Bu 2 N)Me 


4-Thiz 


2-MorEt 


4-26 


(Bu 2 N)Me 


5- I sox 


2-MorEt . 


4-27 


[Me (cHx)N]Me 


4-Thiz 


2-MorEt 


4-28 


[Me(Ph)N]Me • 


4-Thiz 


2-MorEt 


4-29 


[Et(4-M Ph)N]Me 


4-Thiz 


2-MorEt 
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Cpd. 
No. 


R 


•a 

R 


A 

. R 


4-30 


[Me(Bz)N]Me 


4-Thiz 


2-MorEt 


4-31 


[Et(Bz)N]Me 


4-Thiz 


2-MorEt 


4-32 


[Me(2-PhEt)N]Me 


4-Thiz 


2-MorEt 


4-33 


(l-Pyrd)Me 


4-Thiz 


2-(l-Pip)Et 


4-34 


(l-Pyrd)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


4-35 


(l-Pyrd)Me 


4-Thiz 


2-MorEt 


4-36 


(l-Pyrd)Me 


5-Isox 


2-MorEt 


4-37 


(l-Pyrd)Me 


5-ISOX 


2-(l-Pyrd)Et 


4-38 


(l-Pyrd)Me 


5-Imid 


2-MorEt 


4-39 


(l-Pip)Me 


4-Thiz 


2-MorEt 


4-40 


(l-Pip)Me 


4-Thiz 


3-MorPr 


4-41 


(l-Pip)Me 


4-Thiz 


2-(l-Pip)Et 


4-42 


(l-Pip)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


4-43 


(l-Pip)Me 


5-Isox 


2-MorEt 


4-44 


(l-Pip)Me 


5-Imid 


2-MorEt 


4-45 


MorMe 


5-Imid 


2-MorEt 


4-46 


MorMe 


5-Imid 


3-MorPr 


4-47 


MorMe 


5-Imid 


2-(4-Me-l-Piz)Et 


4-48 


MorMe 


4-Thiz 


2-(NEt 2 )Et 


4-49 


MorMe 


4-Thiz 


3-(NMe 2 )Pr 


4-50 


MorMe 


4-Thiz 


2-(l-Pyrd)Et 


4-51 


MorMe 


4-Thiz 


2-(l-Pip)Et 


4-52 


MorMe 


4-Thiz , 


2-(l-Et-2-Pyrd)Et 


4-53 


MorMe 


4-Thiz 


(l-Et-2-Pyrd)Me 


4-54 


MorMe 


4-Thiz 


(4-Pip)Me 


4-55 


MorMe 


4-Thiz 


2-MorEt 


4-56 


MorMe 


4-Thiz 


3-MorPr 


4-57 


MorMe • 


4-Thiz 


2-OH-3-MorPr 


4-58 


MorMe 


4-Thiz 


2-ThzEt 


4-59 


MorMe 


4-Thiz 


2-OH-3-(l-Pip)Pr 
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TABLE 4 fcont) 

5 





Cpd. 








10 


No. 


R 1 


R 3 


R 4 




4-60 


MorMe 


4-Thiz 


2-OH-3-(4-Me-l-Piz)p 


* 0 


4-61 


MorMe 


4-Thiz 


2-(4-Etc-l-Piz)Et 


4-62 


MorMe 


4-Thiz 


2-[4-(2-Pyr)PizJEt 




4-63 


MorMe 


4-Thiz 


(2-Fyr)Me 




4-64 


MorMe 


4-Thiz 


2-(2-Pyr)Et 


20 


4-65 


MorMe 


4-Thiz 


2-(l-Piz)Et 




4-66 


MorMe 


4-Thiz 


3-(2-Me-l-Pip)Pr 




4-67 


(2,6-diMeMor)Me 


4-Thiz 


2-MorEt 


25 


4-68 


MorMe 


5-Isox 


2-(NEt 2 )Et 




4-69 


MorMe 


5-Isox 


2-(l-Pyrd)Et 




4-70 


MorMe 


5-ISOX 


2-(l-Me-2-Pyrd)Et 


30 


4-71 


MorMe 


5-Isox 


2-(2-Etc-l-Pyrd)Et 


4-72 


MorMe 


5-ISOX 


2-(2-PrCar-l-Pyrd)Et 




4-73 


MorMe 


5-Isox 


2-OH-3-(l-Pip)Pr 




4-74 


MorMe 


5-Isox 


2-MorEt 


35 


4-75 


MorMe 


5-ISOX 


3-MorPr 




4-76 


MorMe 


5-Isox 


2-OH-3-MorPr 




4-77 


MorMe 


5-ISOX 


(4-Pip)Me 


40 


4-78 


MorMe 


5-Isox 


2-(4-Me-l-Piz)Et 




4-79 


MorMe 


2-Thi 


2-MorEt 




4-80 


MorMe 


2-Pyr 


2-MorEt 


45 


4-81 


MorMe 


3-Ind 


2-MorEt 


4-82 


<4-Me-l-Piz)Me 


4-Thiz 


2-MorEt 




4-83 


<4-Me-l-Fiz)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 




4-84 


(4-Me-l-Piz)Me 


4-Thiz 


2-(l-Pyrd)Et 


50 


4-85 


(4-Me-l-Piz)Me 


4-Thiz 


2-(l-Pip)Et 




• 4-86 


(4-Me-l-Piz)Me 


4-Thiz 


3-MorPr 




4-87 


(4-Me-l-Piz)Me 


4-Thiz 


(l-Et-2-Pyrd)Me 


55 


4-88 


(4-Me-i-Piz)Me 


5-Isox 


(l-Et-2-Pyrd)Me 




4-89 


(4-Me-l-Piz)Me 


5-I60X 


2-(l-Pyrd)Et 
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TABLE 4 (cont) 



Cpd. 



No. 


R 




•J 

R 


R 


4 


-90 


(4-Me-l-Piz)Me 


5 


-Isox 


2-(l-Pip)Et 


4 


-91 


(4 T Me-l-Piz)Me 


5 


-Isox 


2-MorEt 


4 


-92 


(4-Me-l-Piz)Me 


5 


-Imid 


2-MorEt 


4 


-93 


ThzMe 


4 


-Thiz 


2-MorEt 


4 


-94 


ThzMe 


4 


-Thiz 


3-MorPr 


4 


-95 


ThzMe 


4 


-Thiz 


2-(l-Pip)Et 


4 


-96 


ThzMe 


5 


-Isox 


2-(l-Pip)Et 


4 


-97 


ThzMe 


5 


-Isox 


2-MorEt 


4 


-98 


2-MorEt 


5 


-Isox 


2-MorEt 


4 


-99 


2-MorEt 


4 


-Thiz 


2-MorEt 


4 


-100 


2-MorEt 


4 


-Thiz 


2-(l-Pyrd)Et 


4 


-101 


3-MorPr 


4- 


-Thiz 


2-MorEt 


4 


-102 


3-MorPr 


4 


-Thiz 


3-MorPr 


4 


-103 


3-MorPr 


5 


-Isox 


3-MorPr 


4 


-104 


3-MorPr 


5 


-Isox 


2-MorEt 


4 


-105 


<4-Etc-l-Piz)Me 


5 


-Isox 


2-MorEt 


4 


-106 


(4-Etc-l-Piz)Me 


5 


-Isox 


2-(4-Me-l-Piz)Et 


4 


-107 


(4-Etc-l-Piz)Me 


4 


-Thiz 


2-MorEt 


4 


-108 


(4-Etc-l-Piz)Me 


4 


-Thiz 


2~(4-Me-l-Piz)Et 


4 


-109 


(4-Etc-l-Piz)Me 


5 


-Imid 


2-MorEt 


4 


-110 


(4-Ph-l-Pi2)Me 


4- 


-Thiz 


2-MorEt 


4 


-111 


(4-Ph-l-Piz)Me 


4 


-Thiz 


2-(NEt 2 )Et 


4 


-112 


(4-Ph-l-Piz)Me 


5 


-Isox 


2-MorEt 


4 


-113 


(4-Ph-l-Piz)Me 


5 


-Isox 


2-(-NEt 2 )Et 


4 


-114 


[4-(4-FPh)- 












-l-Piz]Me 


5 


-Isox 


2-MorEt 


4 


-115 


£4-(4-FPh)- 












-l-Piz]Me 


4 


-Thiz 


2-MorEt 


4 


-116 


["4-(4-MeOPh)- 












-l-Fiz]Me 


4 


-Thiz 


2-MorEt 
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TABLE 4 (cont) 



Cpd. 



No. 


R 1 


R 3 


R 4 




4-117 


[4-<2-ClPh)- 










-l-Piz]Me 


4-Thiz 


2-MorEt 




4-118 


[4-(2-Pyr)- 










-l-Piz]Me 


4-Thiz 


2-MorEt 




4-119 


(4-Bz-l-Piz)Me 


4-Thiz 


2-MorEt 




4-120 


(4-Bz-l-Pip)Me 


4-Thiz 


2-MorEt 




4-121 


(4-Bz-l-Pip)Me 


5-Isox 


2-MorEt 




4-122 


3-Pip 


5-Isox 


2-MorEt 




4-123 


3-Pip 


4-Thiz 


2-MorEt 




4-124 


l-Boc-3-Pip 


4-Thiz 


2-MorEt 




4-125 


l-Boc-2-Pyrd 


4-Thiz 


2-MorEt 




4-126 


l-Boc-2-Pyrd 


5-Isox 


2-MorEt 




4-127 


2-Pyrd 


5-ISOX 


2-MorEt 




4-128 


2-Pyrd 


4-Thiz 


2-MorEt 




4-129 


(PhNH)Me 


4-Thiz 


2-MorEt 




4-130 


(BzNH)Me 


4-Thiz 


2-MorEt 




4-131 


Me (cHx)NMe 


5-Isox 


2-MorEt 




4-132 


[ (2-PhEt)NH]Me 


5-Isox 


2-MorEt 




4-133 


t (2-PhEt)NH]Me 


4-Thiz 


2-MorEt 




4-134 


1-MorEt 


4-Thiz 


2-MorEt 




4-135 


1-MorEt 


4-Thiz 


3-MorPr 




4-136 


1-MorEt 


4-Thiz 


2-(4-Me-l 


-Piz)Et 


4-137 


1-MorEt 


5-Isox 


2-(4-Me-l 


-Piz)Et 


4-138 


1-MorEt 


5-Isox 


2-MorEt 




4-139 


1-MorPr 


4-Thiz 


2-MorEt 




4-140 


1-MorBu 


4-Thiz 


2-MorEt 




4-141 


l-(l-Pyrd)Et 


4-Thiz 


2-MorEt 




4-142 


l-(l-Pip)Et 


4-Thiz 


2-MorEt 




4-143 


l-(4-Me-l-Piz)Et 


4-Thiz 


• 2-MorEt 




4-144 


1-ThzEt 


4-Thiz 


2-MorEt 
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TABLE 4 (cont.) 



4-145 


1-ThzEt 


5-Isox 


2-MorEt 


4-146 


1-ThzEt 


5-Isox 


3-MorPr 


4-147 


l-(4-Ph-l-Piz)Et 


4-Thiz 


2-MorEt 


4-148 


l-(4-Ph-l-Piz)Et 


5-Isox 


2-MorEt 


4-149 


MorMe 


5-Isox 


l-Me-2-MorEt 


4-150 


MorMe 


5-Isox 


2-MorPr 


4-151 


MorMe 


5-ISOX 


2-Me-3-MorPr 


4-152 


1-MOEEt 


5-Isox 


2-Me-3-MorPr 


4-153 


1-MorEt 


5-Isox 


l-Me-3-MorPr 


4-154 


1-MorEt 


5-Imid 


2-Me-3-MorPr 


4-155 


MorMe 


4-Thiz 


l-Me-2-MorEt 


4-156 


MorMe 


4-Thiz 


2-MorPr 


4-157 


MorMe 


4-Thiz 


l-Me-3-MorPr 


4-158 


MorMe 


4-Thiz 


2-Me-3-MorPr 


4-159 


MorMe 


4-Thiz 


3-MorBu 


4-160 


1-MorEt 


4-Thiz 


2-Me-3-MorPr 


4-161 


1-MorEt 


4-Thiz 


l-Me-2-MorEt 


4-162 


1-MorEt 


4-Thiz 


2-MorPr 


4-163 


1-MorPr 


4-Thiz 


2-MorPr 


4-164 


1-MorPr 


4-Thiz 


2-Me-3-MorPr 


4-165 


(l-Boc-3-Pip)Me 


4-Thiz 


2-MorEt 


4-166 


Me (cHx)NMe 


2-Thi 


2-MorEt 


4-167 


Me(Bz)NMe 


2-Thi 


2-MorEt 


4-168 


1-PipMe 


2-Thi 


2-MorEt . 


4-169 


[4-(2-ClPh)- 








-l-Piz]Me 


2-Thi 


2-MorEt 


4-170 


(4-Me-l-Piz)Me 


2-Thi 


2-MorEt 


4-171 


(4-Ph-l-Piz)Me 


2-Thi 


2-MorEt 


4-172 


[4-(4-FPh)- 








-l-Piz]Me 


2-ThL 


2-MorEt 



Cpd. 
NO* R 
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TABLE 4 (conU 



Cpd . 

NO. R 1 R 3 R 4 



4-173 


<4-Ph-l-Piz)Me 


3-Ind 


2-MocEt 






4-174 


1-PipMe 


3-lnd 


2-MocEt 






4-175 


Me(cHx)NMe 


3-lnd 


2-MocEt 






4-176 


Me^NMe 


3-lnd 


2-MocEt 






4-177 


Me (Bz)NMe 


3-lnd 


2-MocEt 






4-178 


Me(Bu)NMe 


3-lnd 


2-MocEt 






4-179 


MocMe 


4-Thiz 


3-(2-0X0- 


•1 


-pycdjpc 


4-180 


Me (Bz)NMe 


3-lnd 


3-(2-oxo- 


1 


-Pyrd)Pc 


4-181 


Me(cHx)NMe 


3-lnd 


3-(2-0X0- 


1 


-Pycd)Pc 


4-182 


Me(B2)NMe 


3-lnd 


2-MocEt 






4-183 


MocMe 


Ph 


2-MOCEt 






4-184 


MorMe 


Ph 


3- (2-OXO- 


1 


-Pyrd)Pr 


4-185 


Me(cHx)NMe 


Ph 


2-MocEt 






4-186 


Me(cHx)NMe 


Ph 


3-(2-0X0- 


1 


-Pycd)Pr 


4-187 


Me(Bu)NMe 


Ph 


3-(2-OXO- 


1 


-Pycd)Pr 


4-188 


Me(Bu)NMe 


Ph 


2-MocEt 






4-189 


Me(Bz)NMe 


Ph 


2-MOCEt 






4-190 


Me(Bz)NMe 


Ph 


3- (2-0X0- 


■1- 


-Pycd)Pc 


4-191 


MocMe 


IPC 


3- (2-0X0- 


!■ 


-Pycd)Pc 


4-192 


MocMe 


iPc 


2-MOCEt 






4-193 


Me(cHx)NMe 


iPc 


2-MocEt 






4-194 


Me(cHx)NMe 


iPr 


3-(2-OXO- 


■1- 


-Pycd)Pc 


4-195 


Me(Ph)NMe 


iPc 


3-(2-oxo- 


1< 


-Pycd)Pr 


4-196 


Me(Ph)NMe 


iPc 


2-MocEt 






4-197 


Me(Bz)NMe 


iPc 


2-MOCEt 






4-198 


Me(Bz)NMe 


iPc 


3-(2-oxo- 


•1- 


-Pycd)Pc 


4-199 


Me(Bu)NMe 


iPc 


3-(2-0X0- 


1- 


-PyrdJPr 


4-200 


Me(Bu)NMe 


iPc 


2-MocEt 






4-201 


[M {2-PhEt)N]M 


iPr 


2-MocEt 
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TABLE 4 (cont) 



Cpd. 



NO. 


R 


*3 

R 


R 


4-202 


[4-(2-Pyr>- 








-l-Piz]Me 


iPr 


2-MorEt 


4-203 


[4-<2-Pyra>- 








-l-Piz]Me 


iPr 


2-MorEt 


4-204 


[4-(4-FPh)- 








-l-Piz]Me 


iPr 


2-MorEt 


4-205 


[4-(2-CJLPh)- 








-l-Piz]Me 


iPr 


2-MorEt 


4-206 


[4-(2-MeOPh)- 








-l-Piz]Me 


iPr 


2-MorEt 


4-207 


Me(Bz)NMe 


5-Imid 


2-MorEt 


4-208 


Me(Bz)NMe 


5-Imid 


3-(2-oxo-l-Pyrd)Pr 


4-209 


Me ( cHx ) NMe 


5-Imid 


3-(2-oxo-l-Pyrd)Pr 


4-210 


Me ( cHx ) NMe 


5-Imid 


2-MorEt 


4-211 


(4-Ph-l-Piz)Me 


5-Imid 


2-MorEt 


4-212 


(4-Ph-l-Piz)Me 


S-Imid 


3-(2-oxo-l-Pyrd)Pr 


4-213 


MorMe 


4-Thiz 


2-(5-Imid)Et 


4-214 


iBUjNMe 


4-Thiz 


2-MorEt 


4-215 


cHx^NMe 


4-Thiz 


2-MorEt 


4-216 


lPr(Bz)NMe 


5-Isox 


2-MorEt 


4-217 


Me(Bz)NMe 


5-Isox 


2-MorEt 


4-218 


[4-(4-CiBzhy)- 








-l-Piz]Me 


4-Thi2 


2-MorEt 


4-219 


iPr(Bz)NMe 


4-Thiz 


2-MorEt 


4-220 


[4-(4-CiPh)- 








-l-Piz]Me 


4-Thiz 


2-MorEt 


4-221 


[4-(3-TFMPh)- 








-1-PizJMe 


4-Thiz 


2-MorEt 


4-222 


[4-(2-Pym)- ■ 








-l-Piz]Me 


4-Thiz 


2-MorEt 
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TABLE 4 (cont) 

5 . - 



10 


Cpd. 
No. 


R 1 


R 3 




R 4 








4-223 


Me (Bz)NMe 


4-Thiz 


2 


-(2-oxo 


-1- 


-Pyrd)Pr 


'5 


4-224 


Et(BZ )NMe 


4-Thiz 


2 


-(2-oxo 


-1- 


-Pyrd)Et 




4-225 


Me(cHx)NMe 


4-Thiz 


2 


-(2-0X0 


-1- 


-Pyrd)Et 




4-226 


Me(Ph)NMe 


4-Thiz 


2 


-(2-oxo 


-1- 


-Pyrd)Et 




4-227 


(4-Ph-l-Piz)Me 


4-Thiz 


2 


-(2-0X0 


-1. 


-Pyrd)Et 


20 


4-228 


[4-(3-TFMPh)- 
















-l-Piz]Me 


4-Thiz 


2 


-(2-0X0 


-1- 


-Pyrd)Et 




4-229 


[4-(2-MeOPh)- 












25 


4-230 


-l-Piz]Me 
[4-(2-CiPh)- 


4-Thiz 


2 


-(2-oxo 


-1 


-Pyrd)Et 






-l-Piz]Me 


4-Thiz 


2 


-(2-0X0 


-1- 


-Pyrd)Et 


30 


4-231 


Bu NMe 

2 


4-Thiz 


2 


-(2-oxo 


-1- 


-Pyrd)Et 




4-232 


cHx^NMe 

~~ 2 


4-Thiz 


2 


-(2-0X0 


-1 


-Pyrd)Et 




4-233 


(4-Bz-l-Piz)Me 


4-Thiz 


2 


-MorEt 








4-234 


Et (Bz)NMe 


iPr 


2 


-MorEt 






35 


4-235 


cHx.NMe 
— 2 


Ph 


3 


-(2-oxo 


-1 


-Pyrd)Pr 




4-236 


iBu.NMe 
- 2 


Ph 


3 


-(2-OXO 


-1 


-Pyrd)Pr 




4-237 


Me(cHx)NMe 


5-lsox 


3 


-(2-oxo 


-1 


-Pyrd)Pr 


40 


4-238 


Me(Bz)NMe 


5-lsox 


3 


-(2-0X0 


-1 


-Pyrd)Pr 




4-239 


Et(Bz)NMe 


5-Isox 


3 


-(2-oxo 


-1 


-Pyrd)Pr 




4-240 


(4-Ph-l-Piz)Me 


5-lsox 


3 


-(2-oxo 


-1 


-Pyrd)Pr 


45 


4-241 


MorMe 


5-lsox 


2 


-MeBu 






4-242 


(4-Ph-l-Piz)Me 


5-lsox 


2 


-MeBu 








4-243 


Me(cHx)NMe 


5-ISOX 


2 


-MeBu 








4-244 


Me(Bz)NMe 


5-lsox 


2 


-MeBu 






50 


4-245 


Me (Bz)NMe 


4-Thiz 


2 


-MeBu 








4-246 


Me ( cHx)NMe 


4-Thiz 


2 


-MeBu 








4-247 


(4-Ph-l-Piz)Me 


4-Thiz 


2 


-MeBu 






55 


4-248 


MorMe 


4-Thiz 


2 


-MeBu 








4-249 


MorMe- 


4-Thiz 


1 


-(HOMe) 


-2 


-MeBu 
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TABLE 4. fcont,^ 



Cpd. 

No. R 1 R 3 R 4 



4-250 


Mo rMe 


4-Thiz 


iBu 


4-251 


MorMe 


Ph 


2-MeBu 


4-252 


Mo rMe 


3-Ind 


2-MeBu 


4-253 


Mo rMe 


lPr 


2-MeBu 


4-254 


MorMe 


5-Imid 


2-MeBu 


4-255 


Me(cHx)NMe 


5-Imid 


2-MeBu 


4-256 


MorMe 


4-Thiz 


Me 


4-257 


Mo rMe 


4-Thiz 


Et 


4-258 


Mo rMe 


4-Thiz 


Pr 


A *)CQ 


nor ne 


4-TalZ 


i,Pr 


4-260 


Mo rMe 


4-Thiz 


Bu 


A OCT 


mo rMe 


A *¥*V* 4 mm 

4-ThlZ 


sBu 


4-26Z 


Mo rMe 


4-Thiz 


Pn 


4-263 


MorMe 


4-Thiz 


iPn 


4-264 


Mo rMe 


4-Thiz 


1-MeBu 


4-265 


MorMe 


4-Thiz 


Hx 


A Off 

4-266 


MorMe 


4-Thiz 


IHX 


4-267 


MorMe 


4-Thiz 


3-MePn 


4-268 


MorMe 


4-Thiz 


2-MePn 


4-269 


MorMe 


4-Thiz 


Hp 


4-270 


MorMe 


4-Thiz 


iHp 


4-271 


MorMe 


4-Thiz 


Oc 


4-27-2 


MorMe 


5-Isox 


Pr 


4-273 


MorMe 


5-Isox 


iBu 


4-274 


MorMe 


5-Isox 


Pn 


4-275 


MorMe 


5-Isox 


iHx 


4-276 


MorMe 


5-Imid 


Pr 


4-277 


MorMe 


5-Imid 


iBu 


4-278* 


MorMe 


. 5-Imid 


Pn 
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TABLE 4 fcont^ 



Cpd. 

NO. R 1 'R 3 R 4 



A 

4 


-279 


MO IMe 


5-Imid 


iPn 


4 




nor ne 


5-Imid 


Hx 


A 
4 


-28 1 


MorMe 


5-Imid 


Hp 


A 
4 


^ fl *? 


norne 


2-Thi 


HX 


A 
4 




2 -mo r tit. 


4-Thiz 


Pr 


A 

4 


-284 


2-MorEt 


4-Thiz 


iBu 


A 
4 


*J o c 

-285 


2-MorEt 


4-Thiz 


Pn 


A 

4 


— 28 0 


2-MOtEt 


5-Isox 


iHx 


A 

4 


— 2 8 / 


1-MorEt 


3-Thi 


Hx 


A 

4 


— Zoo 


i- mo ret 


5-Isox 


iPn 


A 

4 


— 289 


1-MOtEt. 


5-Imid 


Pn 


A 

4 


-290 


If* / m \ ITU a 

we (Bz )NMe 


4-Thiz 




A 

4 


-291 


Me (Bz )NMe 


4-Thiz 


iBn 


4 


-292 


Me(Bz)NMe 


4-Thiz 


iPn 


4 


-293 


Me(Bz)NMe 


4-Thiz 


iHx 


4 


-294 


Me(Ph)NMe 


4-Thiz 


IPn 


4 


-295 


Me(Ph)NMe 


2-Thi 


Pn 


4' 


-296 


Me (cHx)NMe 


4-Thiz 


iPr 


4 


-297 


Me (cHx)NMe 


4-Thiz 


Bu 


4 


-298 


Me{cHx)NMe 


4-Thiz 


Hx 


4- 


-299 


Me (cHx)NMe 


5-Imid 


Pn 


4- 


-300 


Me(Bz)NMe 


5-Imid 


2-MeBu 


4 


-301 


Me(Bz)NMe 


5-Imid 


Hx 


4- 


-302 


1-PipMe 


4-Thiz 


Hx 


4- 


-303 


Me(Bz)NMe 


iPr 


Hx 


4- 


-304 


Me (Bz)NMe 


iPr 


2-MeBU 
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TABLE 5 



Cpd. 

NO. R 1 R 3 R 4 



5-1 


MorMe 


4— Tniz 


z— Mor&t, 




5-2 


Me (Bz )NMe 


4-TulZ 


z— Mor&t 




5-3 


Me ( cHX/NMe 


4-TniZ 


z -Mo ret 




D — 4 


Me v CnX ) NMc 




3 — ( 2— OXO- 


1-ryrQ Jrt 


D— D 


^4 — c*n— 1— rlZ ;Me 


4— rniz 


3— ( Z — OXO- 


1 Otr \ Dr 

■i-pyra ; r r 


D — O 


\ 4-rIl-l-rlZ ) Me 




3— V, Z — OXO- 


1— fyra ; £*r 


D— / 




irr 


Z -MOiLU 




3 — 0 


we ^ crix ) NMe 


jLirr 






D — 3 


ne \dz; Mine 


-i Pr 


^— WOx£» U 




C _1 A 
D — 1U 


V fi-rn-i-ri z J He 


i Pr 
xrx 


^ —no xc* u 






crix^ Nine 


i Pr 


9 Mrk r17 1 




c 1 n 

3 — X^p 


"~ 2 


iPr 

X t X 


7 -Mo rF t 








Ph 


7— Mrt rT?r 




D — X* 


Mrt rM«* 

no ewe 


i Pr 


£ — wepu 






V 4-ru"i*ris jnc 


l Pr 
in 


7 _MpPh 




D — XO 


Ma f nllv > ItfMo 

we \ wtix j Mwe 


t Pr 


7 MdPn 




O — x / 


we v **z j wwe 


i Pr 

xirx 


z -Heou 




5-18 


MorMe 


4-Thiz 


2-MeBu 




5-19 


Me(cHx)NMe 


4-Thiz 


2-MeBlt 




5-20 


Me(Bz)NMe 


4-Thiz 


2-MeBu 




5-21 


(4-Ph-l-Piz)Me 


4-Thiz 


2-MeBu 




5-22 


MorMe 


5-Isox 


Z-MeBtl 




5-23 


Me(cHx)NMe 


5-Isox 


2-MeBu 




5-24 


Me(Bz)NMe 


5-Isox 


2-MeBu 




5-25 


MorMe 


5-Imid 


2-MeBu 




5-26 


Me(cHx)NMe 


5-Imid 


2-MeBu 




5-27 


Me(Bz )NMe 


5-Imid 


2-MeBu—- 




5-28 


MorMe 


4-Thiz 


Pr 




5-29 


MorMe 


4-Thiz 


Bu 
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TABLE 5 (cont^ 



Cpd. 








No. 


R 


R 3 


R 4 


5-30 


MorMe 


4-Thiz 


iBU 


5-31 


MorMe 


4-Thiz 


Pn 


5-32 


MorMe 


4-Thiz 


iPn 


5-33 


MorMe 


4-Thiz 


Hx 


5-34 


MorMe 


5-Isox 


iPn 


5-35 


MorMe 


5-Imid 


Hx 


5-36 


MorMe 


iPr 


Pn 


5-37 


Me(Bz)NMe 


4-Thiz 


Hx 


5-38 


Me(Bz)NMe 


5-Isox 


iPn 


5-39 


Me(CHx)NMe 


5-Isox 


Hx 


5-40 


1-PipMe 


4-Thiz 


2-MeBu 


5-41 


2-MorEt 


4-Thiz 


2-MeBu 


5-42 


3-MorPr 


4-Thiz 


2-MeBu 
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TABLE 6 



CpcL 

_1 c 3 0 4 

No . R R . R 



6-1 


H^NMe 


4-Thiz 


2-MorEt 


6-2 


2-H^NEt 


4-Thiz 


2-MorEt 


6-3 


(MeHN)Me 


4-Thiz 


2-MorEt 


6-4 


(EtHN)Me 


4-Thiz 


2-MorEt 


6-5 


(PrHN)Me 


4-Thiz 


2-MorEt 


6-6 


(PrHN)Me 


4-Thiz 


2-{l-Me-2-Pyrd)Et 


6-7 


(PrHN)Me 


4-Thiz 


2-(l-Pyrd)Et 


6-8 


(PrHN)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-9 


(PrHN)Me 


5-Isox 


2-{4-Me-l-Piz)Et 


6-10 


(PrHN)Me 


5-Isox 


2-MorEt 


6-11 


(PrHN)Me 


5-Isox 


2-(4-Me-l-Piz)Et 


6-12 


(PrHN)Me 


5-Imid 


2-(4-Me-l-Piz)Et 


6-13 


(PrHN)Me 


5-Imid 


2-MorEt 


6-14 


(Me 2 N)Me 


4-Thiz 


2-MorEt 


6-15 


(Et 2 N)Me 


4-Thiz 


2-MorEt 


6-16 


[Bu(Me)N]Me 


4-Thiz 


2-MorEt 


6-17 


[Bu(Me)N ]Me 


A Rlk m mm 

4-Thxz 


2-TnzEt 


6-18 


[Bu(Me)N]Me 


4-Thiz 


2-(l-Pip)Et 


6-19 


[Bu(Me)N]Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-20 


[Bu(Me)N]Me 


5-Isox 


2-MorEt 


6-21 


[Bu(Me)N]Me 


5-Isox 


2-ThzEt 


6-22 


(Pr 2 N)Me 


5-Isox 


2-MorEt 


6-23 


(Pr £ N)Me 


4-Thiz 


2-MorEt 


6-24 


(iPr 2 N)Me 


4-Thiz 


2-MorEt 


6-25 


(Bu 2 N)Me 


4-Thiz 


2-MorEt 


6-26 


(Bu 2 N)Me 


5-Isox 


2-MorEt 


6-27 


[Me<cHx)N]Me 


4-Thiz 


2-MorEt 


6-28 


[Me(Ph)N]Me 


4-Thiz 


2-MorEt 


6-29 


[Et(4-MePh)N]Me 


4-Thiz*- 


2-MorEt 
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TABLE 6 (cont^ 



Cpd. 



No. 


R 1 


R 3 


R 4 


6-30 


[Me(Bz)N)Me 


4-Thiz 


2-MorEt 


6-31 


[Et(Bz)N]Me 


4-Thiz 


2-MorEt 


6-32 


[Me(2-PhEt)N]Me 


4-Thiz 


2-MorEt 


6-33 


(l-Pyrd)Me 


4-Thiz 


2-(l-Pip)Et 


6-34 


(l-Pyrd)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-35 


(l-Pyrd)Me 


4-Thiz 


2-MorEt 


6-36 


(l-Pyrd)Me 


5-Isox 


2-MorEt 


6-37 


(l-Pyrd)Me 


5-lsox 


2-(l-Pyrd)Et 


6-38 


(l-Pyrd)Me 


5-Imid 


2-MorEt 


6-39 


(l-Pip)Me 


4-Thiz 


2-MorEt 


6-40 


(l-Pip)Me 


4-Thiz 


3-MorPr 


6-41 


(l-Pip)Me 


4-Thiz 


2-(l-Pip)Et 


6-42 


(l-Pip)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-43 


(l-Pip)Me 


5-Isox 


2-MorEt 


6-44 


(l-Pip)Me 


5-Imid 


2-MorEt 


6-45 


MorMe 


5-Imid 


2-MorEt 


6-46 


MorMe 


5-Imid 


3-MorPr 


6-47 


MorMe 


5-Imid 


2-(4-Me-l-Piz)Et 


6-48 


MorMe 


4-Thiz 


2-(NEt^)Et 


6-49 


MorMe 


4-Thiz 


3-(NMe 2 )Pr 


6-50 


MorMe 


4-Thiz 


2-(l-Pvrd)Et 

mm* \ mm * J mm ^* f mmm W 


6-51 


MorMe 


4-Thiz 


2-(l-Pip)Et 


6-52 


MorMe 


4-Thiz 


2-(l-Et-2-Pyrd)Et 


6-53 


MorMe 


4-Thiz 


(l-Et-2-Pyrd)Me 


6-54 


MorMe 


4-Thiz 


(4-Pip)Me 


6-55 


MorMe 


4-Thiz 


2-MorEt 


.6-56 


MorMe 


4-Thiz 


3-MorPc 


6-57 


MorMe 


4-Thiz 


2-OH-3-MorPr 


6-58 


MorMe 


4-Thiz 


2-Th2Et 


6-59 


MorMe 


4-Thiz 


2-OH-3-(l-Pip)Pr 
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TABLE 6 (conO 



Cpd . 
No. R 1 



6-60- 


MorMe 






4-Thiz 


2-OH-3-(4-Me-l-Piz)Pr 


6-61 


MorMe 






4-Thiz 


2-{4-Etc-l-Piz)Et 


6-62 


MorMe 






4-Thiz 


2-[4-(2-Pyr)Piz]Et 


6-63 


MorMe 






4-Thiz 


(2-Pyr)Me 


6-64 


MorMe 






4-Thiz 


2-(2-Pyr)Et 


6-65 


MorMe 






4-Thiz 


2-{l-Piz)Et 


6-66 


MorMe 






4-Thiz 


3-(2-Me-l-Pip)Pr 


6-67 


(2,6-diMeMor)Me 


4-Thiz 


2-MorEt 


6-68 


MorMe 






5-Isox 


2-(NEt 2 )Et 


6-69 


MorMe 






5-Isox 


2-(l-Pyrd)Et 


6-70 


MorMe 






5-Isox 


2-(l-Me-2-Pyrd)Et 


6-71 


MorMe 






5-Isox 


2- ( 2-Etc-l-Pyrd ) Et 


6-72 


MorMe 






5-Isox 


2-(2-PrCar-l-Pyrd)Et 


6-73 


MorMe 






5-Isox 


2-OH-3-(l-Pip)Pr 


6-74 


MorMe 






5-Isox 


2-MorEt 


6-75 


MorMe 






5-Isox 


3-MorPr 


6-76 


MorMe 






5-Isox 


2-OH-3-MorPr 


6-77 


MorMe 






5-Isox 


(4-,Pip)Me 


6-78 


MorMe 






5-Isox 


2-(4-Me-l-Piz)Et 


6-79 


MorMe 






2-Thi 


2-MorEt 


6-80 


MorMe 






2-Pyr 


2-MorEt 


6-81 


MorMe 






3-Ind 


2-MorEt 


6-82 


(4-Me- 


1- 


-Piz)Me 


4-Thiz 


2-MorEt 


6-83 


(4_Me- 


1- 


-Piz)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-84 


(4-Me- 


1- 


-Piz)Me 


4-Thiz 


2-(l-Pyrd)Et 


6-85 


(4-Me- 


■1- 


-Piz)Me 


4-Thiz 


2-(l-Pip)Et 


6-86 * 


(4-Me- 


■1- 


-Piz)Me 


4-Thiz 


3-MorPr 


6-87 


(4-Me- 


1. 


-Piz)Me 


4-Thiz 


(l-Et-2-Pyrd)Me 


6-88 


(4-Me- 


■1- 


-Piz)Me 


5-Isox 


(l-Et-2-Pyrd)Me 


6-89 


(4-Me- 


■ 1- 


-Piz)M 


5-ISOX 


2-(l-Fyrd)Et 
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TABLE 6 fcont) 



Cpd. 

NO. R 1 R 3 R 4 



6 


-90 


(4-Me-l-Piz)Me 


S-Isox 


2-(l-Pip)Et 


6 


-91 


(4-Me-l-Piz)Me 


5-lsox 


2-MorEt 


6 


-92 


(4-Me-l-Piz)Me 


5-Imid 


2-MorEt' 


6 


-93 


ThzMe 


4-Thiz 


2-MorEt 


6 


-94 


ThzMe 


4-Thiz 


3-MorPr 


6 


-95 


ThzMe 


4-Thiz 


2-(l-Pip)Et 


6 


-96 


ThzMe 


5-Isox 


2-(l-Pip)Et 


6 


-97 


ThzMe 


5-IBOX 


2-MorEt 


6 


-98 


2-MorEt 


5-Isox 


2-MorEt 


6 


-99 


2-MocEt 


4-Thiz 


2-MorEt 


6 


-100 


2-MorEt 


4-Thiz 


2-(l-Pyrd)Et 


6 


-101 


3-MorPr 


4-Thiz 


2-MorEt 


6 


-102 


3-MorPr 


4-Th'iz 


3-MorPr 


6 


-103 


3-MorPr 


5-I80X 


3-MorPr 


6 


-104 


3-MorPr 


5-Isox 


2-MorEt 


6 


-105 


(4-Etc-l-Piz)Me 


5-Isox 


2-MorEt 


6 


-106 


(4-Etc-l-Piz)Me 


5-Isox 


2-(4-Me-l-Piz)Et 


6' 


-107 


(4-Etc-l-Piz)Me 


4-Thiz 


2-MorEt 


6 


-108 


(4-Etc-l-Piz)Me 


4-Thiz 


2-(4-Me-l-Piz)Et 


6< 


-109 


(4-Etc-l-Piz)Me 


5-Imid 


2-MorEt 


6' 


-110 


(4-Ph-l-Piz)Me 


4-Thiz 


2-MorEt 


6. 


-111 


(4-Ph-l-Piz)Me 


4-Thiz 


2-(NEt 2 )Et 


6 


-112 


(4-Ph-l-Piz)Me 


5-Isox 


2-MorEt 


6' 


-113 


(4-Ph-l-Piz)Me 


5-Isox 


2-(NEt 2 )Et 


6. 


-114 


[4-(4-PPh)- 










-l-Piz]Me 


5-ISOX 


2-MorEt 


6- 


-115 


[4-(4-PPh)- 










-l-Piz]Me 


4-Thiz 


2-MorEt 


6- 


-116 


[4-(4-MeOPh)- 










-l-Piz]Me 


4-Thiz 


2-MorEt 
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TABLE 6 (cont) 

5 



Cpd. 



10 


No. 


R 


R 3 


R 4 




6-117 


[4-(2-ClPh)- 






15 




-l-Piz]Me 


4-Thiz 


2-MorEt 


6-118 


[4-(2-Pyr)- 










-l-Piz]Me 


4-Thiz 


2-MorEt 




6-119 


(4-Bz-l-Piz)Me 


4-Thiz 


2-MorEt 


20 


6-120 


(4-Bz-l-Pip)Me 


4-Thiz 


• 2-MorEt 




6-121 


(4-Bz-l-Pip)Me 


5-lsox 


2-MorEt 




6-122 


3 -Pip 


5-Isox 


2-MorEt 


25 


6-123 


3-Pip 


4-Thiz 


2-MorEt 




6-124 


l-Boc-3-Pip 


4-Thiz 


2-MorEt 




6-125 


l-Boc-2-Pytd 


4-Thiz 


2-MorEt 


30 


6-126 


l-Boc-2-Pyrd 


5-lsox 


2-MorEt 


6-127 


2-Pyrd 


5-Isox 


2-MorEt 




6-128 


2-Pyrd 


4-Thiz 


2-MorEt 




6-129 


(PhNH)Me 


4-Thiz 


2-MorEt 


35 


6-130 


(BzNH)Me 


4-Thiz 


2-MorEt 




6-131 


(BzNH)Me 


5-Isox 


2-MorEt 




6-132 


t (2-PhEt)NH]Me 


5-lsox 


2-MorEt 


40 


6-133 


[ (2-PhEt)NH]Me 


4-Thiz 


2-MorEt 




6-134 


1-MOtEt 


4-Thiz 


2-MorEt 




6-135 


1-MorEt 


4-Thiz 


3-MorPr 


45 


6-136 


1-MotEt 


4-Thiz 


2-(4-Me-l-Piz)Et 


6-137 


1-MorEt 


5-Isox 


2-(4-Me-l-Piz)Et 




6-138 


1-MorEt 


5-lsox 


2-MorEt 




6-139 


1-MorPr 


4-Thiz 


2-MorEt 


SO 


6-140 


1-MorBu 


4-Thiz 


2-MorEt 




6-141 


l-(l.-Pyrd)Et 


4-Thiz 


2-MorEt 




6-142 


l-(l-Pip)Et 


4-Thiz 


2-MorEt 


55 


6-143 


l-(4-Me-l-Piz)Et 


4-Thiz 


2-MorEt 




6-144 


1-ThzEt 


4-Thiz 


2-MorEt 
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TABLE 6 fcont) 



Cpd . 



No. 


R 1 


R 3 


R 4 


6-145 


1-ThzEt 


5-Isox 


2-MorEt 


6-146 


l-Th2Et 


5-lsox 


3-MorPr 


6-147 


l-(4-Ph-l-Piz)Et 


4-Thiz 


2-MorEt 


6-148 


l-(4-Ph-l-Piz)Et 


5-lsox 


2-MorEt 


6-149 


MorHe 


5-ISOX 


1 -Me - 2 -Mo r E t 


6-150 


MorMe 


5-I80X 


2-MorPr 


6-151 


MorMe 


5-lsox 


2-Me-3-MorPr 


6-152 


1-MorEt 


. 5-lsox 


2-Me-3-MorPr 


6-153 


1-MorEt 


5-lsox 


l-Me-3-MorPr 


6-154 


1-MorEt 


5-Imid 


2-Me-3-MorPr 


6-155 


MorMe 


4-Thiz 


1 -Me -2-MorEt 


6-156 


MorMe 


4-Thiz 


2-MorPr 


6-157 


MorMe 


4-Thi2 


l-Me-3-MorPr 


6-158 


MorMe 


4-Thiz 


2-Me-3-MorPr 


6-159 


MorMe 


4-Thiz 


3-MorBu 


6-160 


1-MorEt 


4-Thiz 


2-Me-3-MorPr 


6-161 


1-MorEt 


4-Thiz 


1 -Me -2-MorEt 


6-162 


1-MorEt 


4-Thiz 


2-MorPr 


6-163 


1-MorPr 


4-Thiz 


2-MorPr 


6-164 


1-MorPr 


4-Thiz 


2-Me-3-MorPr 


6-165 


(l-BOC-3-PiT)^Mp 


*» — XUl £t 




6-166 


Me(cHx)NMe 


2-Thi 


2-MorEt 


6-167 


Me(Bz)NMe 


2-Thi 


2-MorEt 


6-168 


1-PipMe 


2-Thi 


2-MorEt 


6-169 


[4-(2-C2.Ph)- 








-l-Piz]Me 


2-Thi 


2-MorEt 


6-170 


(4-Me-l-Piz)Me 


2-Thi 


2-MorEt 


6-171 


(4-Ph-l-Piz)Me 


2-Thi 


2-MorEt 


6-172 


[4-(4-FPh)- 








-l-Piz]Me 


2-Thi 


2-M rEt 
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TABLE 6 fcont) 



Cpd. 

NO.. -R 1 R 3 R 4 



6-173 


(4-Ph-l-Piz)Me 


3-Ind 


2-MorEt 






6-174 


1-PipMe 


3-Ind 


2-MorEt 






6-175 


Me(cHx)NMe 


3-Ind 


2-MorEt 






6-176 


Me.NMe 


3-Ind 


2-MorEt 






6-177 


Me (Bz)NMe 


3-Ind 


2-MorEt 






6-178 


Me (Bu)NMe 


3-Ind 


2-MorEt 






6-179 


MorMe 


4-Thiz 


3- ( 2-oxo- 


■!■ 


-Pyrd)Pr 


6-180 


Me(Bz)NMe 


3-Ind 


3- ( 2-oxo- 


•1 


-Pyrd)Pr 


6-181 


Me (cHx)NMe 


3-Ind 


3- ( 2-oxo- 


■1 


-Pyrd)Pr 


6-182 


Me(Bz)NMe 


3-Ind 


2-MorEt 






6-183 


MorMe 


Ph 


2-MorEt 






6-184 


MorMe 


Ph 


3- ( 2-oxo- 


1 


-Pyrd)Pr 


6-185 


Me ( cHx)NMe 


Ph 


2-MorEt 






6-186 


Me{cHx)NMe 


Ph 


3- (2-oxo- 


1- 


-Pyrd)Pr 


6-187 


Me(Bu)NMe 


Ph 


3-(2-oxo- 


1- 


-Pyrd)Pr 


6-188 


Me(Bu)NMe 


Ph 


2-MorEt 






6-189 


Me(Bz)NMe 


Ph 


2-MorEt 






6-190 


Me(Bz)NMe 


Ph . 


3-(2-OXO- 


■1- 


-Pyrd)Pr 


6-191 


MorMe 


iPr 


3- (2-0X0- 


1 


-Pyrd)Pr 


6-192 


MorMe 


iPr 


2-MorEt 






6-193 


Me ( cHx)NMe 


iPr 


2-MorEt 






6-194 


Me(cHx)NMe 


iPr 


3-(2-0X0- 


1 


-Pyrd)Pr 


6-195 


Me(Ph)NMe 


iPr 


3-(2-oxo- 


1- 


-Pyrd)Pr 


6-196 


Me(Ph)NMe 


iPr 


2-MorEt 






6-197 


Me(Bz)NMe 


iPr 


2-MorEt 






6-198 


Me (Bz)NMe 


iPr 


3-(2-0X0- 


1- 


-Pytd)Pr 


6-199 


Me(Bu)NMe 


iPr 


3-(2-0X0- 


1 


-Pyrd)Pr 


6-200 


Me (Bu)NMe 


iPr 


2-MorEt 






6-201 


[Me(2-PhEt)N]Me 


iPr 


2-MorEt 
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TABLE 6 fcont) 



Cpd . 



No. 


R 1 


R 3 


R 4 


6-202 


[4-(2-Pyr)~ 








-l-Piz]Me 


iPr 


2-MorEt 


6-203 


[4-(2-Pym)- 








-l-Piz]Me 


iPr 


2-MorEt 


6-204 


[4-(4-FPh)- 








-l-Piz]Me 


iPr 


2-MorEt 


6-205 


[4-(2-C!Ph)- 








-l-Piz]Me 


iPr 


2-MorEt 


6-206 


[4-<2-MeOPh)- 








-l-Piz]Me 


iPr 


2-MorEt 


6-207 


Me(Bz)NMe 


5-lmid 


2-MorEt 


6-208 


Me(Bz)NMe 


5-lmid 


3-(2-oxo-l-Pyrd )Pr 


6-209 


Me(cHx)NMe 


5-lmid 


3-(2-oxo-l-Pyrd)Pr 


6-210 


Me(cHx)NMe 


5-lmid 


2-MorEt 


6-211 


(4-Ph-l-Piz)Me 


5-lmid 


2-MorEt 


6-212 


(4-Ph-l-Piz)Me 


5-lmid 


3_ (2-oxo-l-Pyrd)Pr 


6-213 


MorMe 


4-Thiz 


3-(5-Imid)Pr 


6-214 


iBu.NMe 
~~ 2 


4-Thiz 


2-MorEt 


6-215 


cHx NMe 

2 


4-Thiz 


2-MorEt 


6-216 


iPr(Bz)NMe 


5-lsox 


2-MorEt 


6-217 


Me f Bz }NMe 


3™ 1 QUA 




6-218 


[4-(4-CiBzhy)~ 








-l-Piz]Me 


4-Thiz 


2-MorEt 


6-219 


iPr(Bz)NMe 


4-Thiz 


2-MorEt 


6-220 


[4-(4-CiPh)- 








-l-Piz]Me 


4-ThiZ 


2-MorEt 


6-221 


[4-(3-TFMPh)~ 








-l-Piz]Me 


4-Thiz 


2-MorEt 


6-222 


[4-(2-Pym)- . 








-l-Piz]Me 


4-Thiz 


2-MorEt 
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TABLE 6 fcontl 



Cpd. 
No. 


1- 

R 


R 




A 

R 






6-223 


Me(8z)NMe 


4-Thiz 


2 


-(2-OXO- 


1 


-Pyrd)Et 


6-224 


Et(Bz)NMe 


4-Thiz 


2 


-(2-oxo- 


1 


-Pyrd)Et 


6-225 


Me(cHx)NMe 


4-Thiz 


2 


-{2-oxo- 


1 


-Pyrd)Et 


6-226 


Me(Ph)NMe 


4-Thiz 


2 


-(2-oxo- 


1 


-Pyrd)Et 


6-227 


(4-Ph-l-Piz)Me 


4-Thiz 


2 


-(2-0X0- 




-Pyrd)Et 


6-228 


[4-(3-TFMPh>- 














-l-Piz]Me 


4-Thiz 


2 


- (2-oxo- 


•1- 


-Pyrd)Et 


6-229 


[4-(2-MeOPh)- 














-l-Piz]Me 


4-Thiz 


2 


-(2-oxo- 


1- 


-Pyrd)Et 


6-230 


[4-(2-CJ.Ph)- 














-l-Piz]Me 


4-Thiz 


2 


-(2-oxo- 


1' 


-Pyrd)Et 


6-231 


Bu^NMe 


4-Thiz 


2 


-(2-oxo- 


1- 


-Pyrd)Et 


6-232 


cHx 2 NMe 


4-Thiz 


2 


-(2-oxo- 


1- 


-Pyrd)Et 


6-233 


(4-Bz-l-Piz)Me 


4-Thiz 


2 


-MorEt 






6-234 


Et(Bz)NMe 


iPr 


2 


-MorEt 






6-235 


cHx^NMe 


Ph 


3 


-(2-oxo- 


1- 


-Pyrd)Pr 


6-236 


i.Bu 2 NMe 


Ph 


3 


-(2-oxo- 


1- 


-Pyrd)Pr 


6-237 


Me ( cHx ) NMe 


5-Isox 


3 


-(2-oxo- 


1- 


-Pyrd)Pr 


6-238 


He(Bz)NMe 


5-Isox 


3 


-.(2-OXO- 


1. 


-Pyrd)Pr 


6-239 


Et (Bz)NMe 


5-Isox 


3 


-(2-OXO- 


■1- 


-Pyrd)Pr 


6-240 


(4-Ph-l-Piz)Me 


5-ISOX 


3 


-(2-OXO- 


■1. 


-Pyrd)Pr 


6-241 


HorMe 


5-Isox 


2 


-MeBu 






6-242 


(4-Ph-l-Piz)Me 


5-Isox 


2 


-MeBu 






6-243 


Me (bHx)NMe 


5-ISOX 


2 


-MeBu 






6-244 


Me(Bz)NMe 


5-Isox 


2 


-MeBu 






6-245 


Me(Bz)NMe 


4-Thiz 


2 


-MeBu 






6-246 


Me (cHx)NMe . 


4-Thiz 


2 


-MeBu 






6-247 


(4-Ph-l-Piz)Me 


4-Thiz 


2 


-MeBu 






6-248 


MorMe 


4-Thiz 


2 


-MeBu 






6-249 


MorMe 


4-Thiz 


1 


-(HOMe)- 


2 


-MeBu 
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TABLE 6 (cont.1 



Cpd • 
No 




K 


R 


6-250 


MorMe 


^* — 1 U x 2 


^ Till 


6-251 


MorMe 


Ph 


« -weou 


6-252 


Mo tMa 


•3 — 1 no 


Z-HeHu 


6-253 


Mo rMP 


r 


Z -MBBU 


6-254 


MorMe 


5-Imid 


2 -MeBu 


O 6J J 




5-imla 


2 -MeBu 


6-256 


Me(B2)NMe 


4-Thiz 


1- { 1-PipMe) -2 -MeBu 


6-257 


Me(B2)NMe 


4-Thiz 


1- (MorMe )-2-MeBu 


6-258 


Me (Bz)NMe 


4-Thiz 


2-(l-Pip)Et 


6-259 


MorMe 


4-Thiz 


Bu 


6-260 


MorMe 


4-Thiz 


Pn 


6-261 


MorMe 


4-Thiz 


iPn 


6-262 


MorMe 


4-Thiz 


Hx 


6-263 


Me(Bz)NMe 


4-Thiz 


Bu 


6-264 


Me(Bz)NMe 


4-Thiz 


Hx 


6-265 


Me(cHx)NMe 


4-Thiz 


iPn 


6-266 


Me(cHx)NMe 


4-Thiz 


Hx 


6-267 


2-MorEt 


4-Thiz 


Hx 
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TABLE 7 



5 





NO ♦ 


p l 


p 2 

R 


R 


R 




10 


7-1 


MorMe 


1-Np 


4-Thiz 


iBu 






7-2 


MorMe 


1-Np 


4-Thiz 


Pn 




15 


7-3 


MorMe 


1-Np 


4-Thiz 


iHx 






7-4 


MorMe 


1-Np 


5-Isox 


Bu 






7-5 


MorMe 


Ph 


4-Thiz 


Bu 




20 


7-6 


MorMe 


cHx 


4-Thiz 


HX 




25 






lAlJLilL 


Q 
O 






30 


WO m 


K 


R 


R 


R 




Jo 
















8-1 


Mor 


4-Thiz 


9-MnrPr 


LT 
CI 






8-2 


Mar 


*a — 


Pr 


ri 




40 






H— 1U1Z 


Pn 


TT 

ri 






8-4 


Hoc 


4-Thiz 


Bu 


B\l 






8-5 


HOC 


5-Imid 


Hx 


H 






8-6 


Mor 


5-Isox 


Hx 


H 




45 


B-7 


Mor 


iPr 


3-(2-0X0-l- 


-Pyrd)Pr H 






8-8 


Me(cHx)N 


4-Thiz 


2-MorEt 


H 






8-9 


Me(cHx)N 


4-Thiz 


HX 


H 




SO 


8-10 


Me(Bz)N 


4-Thiz 


2-MorEt 


H 





Also preferred are the pharmaceutical^ acceptable salts of the above compounds, especially the 
55 hydrochlorides. 

Of th compounds listed above, the -following compounds are pr ferred,- that is to say Compounds No. 
1-40. 1-86, 1-101, 1-108. 1-131. 1-146. 4-15. 4-16. 4-27, 4-28. 4-30, 4-31. 4-45. 4-55, 4-79. 4-81. 4-101. 4- 
115, 4-116, 4-117. 4-119, 4-131, 4-179, 4-180, 4-183. 4-184. 4-185. 4-186. 4-191. 4-192, 4-193, 4-194, 4- 
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195. 4-196, 4-197, 4-198. 4-199, 4-201. 4-208, 4-214. 4-217, 4-218. 4-219, 4-223, 4-234. 4-237. 4-238. 4- 
241. 4-244. 4-248. 4-250. 4-258, 4-260. 4-262, 4-263. 4-265, 4-298. 4-300. 4-304, 5-14. 5-19. 5-24. 5-29. 5- 
33. 6-30 and 6-257. of which the following are most preferred: 
1-40. N-{N-[3-Morphoiinocarbonyl-2-<1-napft 

pholinoethyl)amide. especially N-{N-[(2R)-3-morpholinocarbonyl-2-( 1 -naphthylmethyl)propionyl)-3-{4- 
thiazolyl)*r^-alanyl}-cyclostatin-{2-morpholinoe%l)amide and N-{N-[(2R)-3-morpholinocarbonyl-2-(1 -naph- 
thylmethyl)propionyl]-3-{4-thiazolyl)-L^^ 

N-{N-[3-(N-Benzyl-N-methy^ 
alanyl}-cyclostatin-{2-morphoiinoethyl)amide. especially N-{N-((2R)-3-(N-benzyl-N.methylcarbarnoyl)-2-(1 - 
naphthylmethyl)propionyl]-3-(4-thiazoly^ 
1-108. N-{N-[3-(N-Benzyl-N-methy^ 

alanyl}-cyciostatin-(2-morpholinoethy l)amide, especially N-{N-[(2R)-3-(N-ben2yl-N-methy lcarbamoyl)-2-( 1 - 
naphthylmethyl)propionyl]-3-(5-isoxa2oIyl)-L-alanyl}- cyclostatin-{2-morpholinoethyl)amide: 

1- 131. N-{N-[3-Morpholinocarbonyl-2-{1 -naphthy lmethyl)propionyl]-3-(4-thiazolyl)-alanyl}-cyclostatin(2- 
methy Ibuty Damide. especially N-{N-[(2R)-3-morpho!inocarbony l-2-{ 1 -naphthy Imethy Opropiony l]-3(4- 
thia2olyl)-L-alanyl}-cyclostatin-[(S)-2-methylbutyl]amide; 

4-27. N-{N-[N-<N-Cyclohexyl-N-me^ 

(2-morphoiinoethyl)amide, especially N*{ N-[N-(N-cyclohexyl-N-methy lam inoacety I )-3-(1 -naphthyi)-L-alanyl]- 

3- (4-thia20lyl)-L-alanyl}-cyclostatin-(2-morpholinoethyl)amide; ~" 

4 " 28 - N-{N-[N-(N-Methylanilinoacetyl)-3-(1-naphthyl)-alanyl]-3-^ 
{2morpholinoethyl)amide. especially N-{N-[N-(N-methylanilinoacetyl)-3-(1-naphthyl)-L-alanyl]-3- 
L-alanyl}-cyclostatin-(2-morpholinoethyl)amide; "~ 

4- 1 94. N-{N-[N-(N-Cyclohexyl-N-methylaminoacety l)-3-(1 -naphthyl)-alanyl]-ieucyl}-cyclostatin-[3-{2-oxo-1 - 
pyrrolidinyl)propyl)amide. especially N-{N-[N-(N-cyclohexyl-N-methylaminoacetyI)-3-(1-naphthyl)-L-alany 
L-leucyl}-cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyl]amide; 
4-208.N-{N-[N-(N-Ben2yl-N-methylaminoacetyl)-3-(1-naphthyl)-alanyl]-3-(5-imi 

(2-oxo-1 -pyrro!idinyl)propyl]amide; 

4-217, N-{N-[N-(N-Benzyi-N-methylaminoacetyl)-3-(1-naphthyl)-alanylh3-(5-isoxazolyO 

morpholinoethyl)amide; 

4-218. N-{N-[N-[4-<4-Chlorobenzh^ 

cyclostatin-{2-morpholinoethyI)amide. especially N-(N-{N-[4-(4-chlorobenzhydryl)-l-piperazinylacetyl]-3-(l- 

naphthyl)-L-aiany!}-3-(4-thiazolyl)-L-al^^ 

4-219. N-{N-[N-(N-Benzyl-N-isopropy!^^ 

(2-morpho1inoethyl)arnide, especially N-{N-[N-(N-benzyl-N-isopropylaminoacetyl)-3-(1-naphthyl)-L-aiany 
(4-thiazolyl)-L-alany!}-cyclostatin-(2-morpholinoethyl)amide? 

^S 37 - N-{N-[N-(N-Cyclohexyl-N-methylaminoacetyl)-3-{1-naphthyl)-aia 

alany l}-cy clostatin-[3-(2-oxo- 1 -pyrrolidinyl)propy ijamide: 

4-238. N-{N-[N-(N-Benzyl-N-methylam^ 

(2-oxo-1-pyrrolidinyl)propyl]amide; 

4-241. N-{N-[N-Moipholinoacetyl-3-(^ 

amide; 

: 4-248. N-{N-{N-Morpholinoacetyl-3-(1 -naphthyl)-alanyl]-3-(4-thiazolyl)-alanyl}-cyclostatin-(2-methy!butyl)- 
amide, especially N-{N-[N-morpholinoacetyl-3-(1-naphthyl)-L-alanyl]-3-(4-miazolyl)-L-alanyl}-cyclos 

2- methylbutyl]amide; . ~ ~ ~* 

4-250. N-{N-[N-Moipholinoacety l-3-{1 -naphthyl>aiajiyl 

4-258. N-{N-[N-MorphoIinoacetyl-3-<1 -naphthyl)-alanylh3-(4-thi8COlyi)-alanyl)<yclostatin-propylarnide; 

4-260. N-{N-[N-Morpholm^ 

4-262. N-{N-{NMorpholinoacetyl-^ 

4-263. N-{N-[N-Morpholinoacetyl^^ 

4- 265. N-{N-[N-Morpholinoacetyl-3-(1 -naphthy D-alanyI]-3-(4-thiazoiyl)-alany l}-cyclostatin-hexy lamide, espe- 
cially N-{N-[N-morpholinoacetyI-3-(1 •naphthyl)-L-alanyl]-3-(4-thiazolyl)-L-alanyl}-cyclostatin-hexylamide; 

5- 14. N-{N-(N-Morpholinoac8tyl-phenylalan^^ especially N-[N-(N- 
morpholinoacetyl-L-phenylalanyl)-L-ieucyl]-^ 

5-24. N-{N-{N-Morpholinoacetyl-phenyialany!)-3^ 

5-29. N-(N-{N-MorphoIinoacetyl-phenylalanyl)-3-{4-thiazolyl)-alanylKyclostatin-b . especially N-[N- 

(N-morpholinoac tyl-L-ph* nylalanyl)-3-(4-thiazolyl)-L-alanylKyclostatin-butylamide; 

5-33. N-{N-(N-Morpholinoac tyl-phenylalanyl)-3-(4-thiazolyl)-aIanyl]-cyclostatin-hexylamide. specially N-(N- 
(N-morpholinoac tyi-L-phenylaIanyl)-3-{4-thiazolyi)-L-alany!]-cyclostatin-hexylamide; 
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and the pharmaceutical^ acceptable salts of the above compounds, esp dally the hydrochlorides. 

Th compounds of th present invention are oligopeptides and may, therefore, be prepar d, as is well 
known in the art by reacting together the component amino acids in any appropriate order, by reacting 
together two or mor lower oligopeptides (again, if necessary, in an appropriate order) or by reacting one or 
s mor component amino acids with one or mor low r oligop pticJ s (again, if necessary, in an appropriate 
order). However, provided that th correct sequence of amino acid residues in the oligopeptide of formula 
(I) is achieved, there is no particular restriction upon the order in which these reactions are carried out. In 
general terms, the compounds of the invention may be prepared by reacting together compounds of 
formulae: 



ro 



15 



20 




25 




(IV) 



30 



o o 



or a reactive derivative 



thereof , 



R3 




40 



(V) 



NH 2 -CH-C-OH 
II 
O 



45 



50 



55 
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10 



15 



20 



or a reactive d rivative thereof. 



/ \ 



\ / 
i 

CH 2 
I 

NH 2 -CH-CH-CH 2 -C-OH 

I II 
OH O 

or a reactive derivative thereof, and 



(VI) 



25 / 

H-N (VII) 
\ 

R5 

or a reactive derivative thereof {in the above formulae R 2 -R 5 and A are as defined above and R 1 represents 
30 an y of 'the groups represented by R 1 or an active group), and, where R 1 represents said active group, 
converting it to any one of the groups represented by R 1 ; 

or by reacting a peptide compound derivable by reaction of some of said compounds of formulae (IV), (V), 

(VI) or (V(() or said reactive derivatives with the remainder of said compounds or said reactive derivative(s) 

or with a peptide compound or compounds derivable by reaction of said remainder or reactive derivative(s) 

35 thereof, the reaction(s) being in an order corresponding to the order of the residues derived from said 

compounds of formulae (IV). (V). (VI) and (VII) in said compound of formula (I). Also, where A represents a 

group of formula -NH-. the compound of formula (IV) may, if desired, be replaced by the two compounds of 

formulae (IVa) and (IVb): 

R 1 - C -OH (IVa) 
40 ■ 

and 



45 



50 



R2 
I 

CH 2 

H 2 N-CH-C-OH 
II 
0 



(IVb) 



(in which R' and R 2 are as defined above). 

If required, the resulting compound of formula (I) may be subjected to any one or more of various 
optional reactions, for example salification. 

In sp cific embodiments of the process of the present invention, the compounds of the invention may 
be prepared by any of the following Reaction Schemes A, B. C, D and E. 
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Reaction Scheme A 

R 2a R 3a 

I I 
CH CH 2 

1a 1 1 

R -C-A-CH-C-NH-CH-C-OH 

II II II 

0 0 0 

(VIII) 




R** a 

M-CH-CH -CH 2 -C-N^ SteP A1 

I II \ R 5 

OH 0 R 
(IX) 

R 2a R 3a 

1 1 

CH 2 CH 2 CH 2 R Aa 

1a 1 I I / 

R -C-A-CH -C-NH-CH- t-NH-CH -CH-CHo-C - H 

II II ifr I 2 II \ 5 

0 0 0 OH o R 

(Ial iStep A2 




I' 




R 2 R 3 

III La 
CH2 CH2 CH 2 R Ua 

R 1 -C-A-CH~C-NH-CH-C-HH-CH-CH-CH 9 -C-N 

0.0.0 OH 0 R 5 

(III : 
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5 



W 



20 

Reaction Scheme B 



25 



00 



35 



40 



45 



SO 




R 2a R 3a 

I I 
CH 2 CH 2 CH 2 R ia 

R la -C-A-CH-C-OH + H 2 N-CH-C-NH-CH-CH-CH 7 -C-N^ 
II II II I L II ^ R 5 

0 0 0 OHO 

(XJ (XI) 
J!2Ji. , Ia) Step B2^ {I) 
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Reaction Scheme C 



.2a 



CH 2 



,3 a 




CH 
I 



2 



CH 



2 



R 1a -C-A-CH-C-0H H,N-CH-C-NH-CH-CH -CHo -C- 

1 II I L II 

0 OH 0 



II 



II 
0 



(X) 



(XII) 



t 



Step C1 



,2 a 



CH 2 



3 a 




n1a 



CH 2 CH 2 

R' -C-A-CH - C-NH-CH -C-NH-CH -CH— C C —OH 
II II II I 

0 0 0 OH 



II 
0 



Step C2 



+ H-N<^ (XIV) 
X R 5 



(la) 



Step C3 



!I ) 
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Reaction Scheme 0 



R 3a 




,2 a 



CH2 CH? R Ha CH 2 

1 1 / 11 I 

NH 2 -CH-C-NH-CH-CH-CH 2 -C-NC + R 11 -NH-CH-C 

' ' H N.R H 



II 

0 



OH 



(XI) 



Step 01 



0 

(XV) 



R 2 * 
I 

CH 2 



R 3a 

I 

CH 2 




CH 2 



R^-NH-CH- C-NH-CH- C-NH-CH -CH— CH 0 - C 

II II I Jl 

0 0 OH 0 

(XVI) 



N 



X R 5 



Step 02 



+ R 1a -COOH (XVII) 



(la) 



Step 0 3 



(I) 
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Reaction Scheme E 




R 2a R 3a 

CH 2 CH 2 CH 2 

R^-NH-eH-ONH-CH - C - NH-CH-CH -CH,-C - 

» II I 2 II \ n q 

0 0 OH 0 R5 



(XVI) 
Step El 



+R 12 -C00H (XVIII) 



,2 a 



CH 2 



3a 




j«2 CH 2 



R 12 -C-NH — CH— C-HH-CH— C-NH-CH-CH -CHo-C-NC 
II II II I L II \ 



0 

(XIX) 
Step E2 



i OH 0 

R 13 

+ H- K (XX) 



5 



2a 



3a 




CH 2 CH'2 



CH 2 



r r r / 

R I0 -C-NH-CH-C-NH-CH-C-NH-CH-CH -CH 7 -C-N v 

II I II X R 5 

0 OH 0 



II 
0 



0 



Step E3 



(lb) 



* (I) 
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In the above formulae. R\ R*. R3, R* R5 ( and A are as defined above: R ta , R 2a . <R 3a and R 4 * may 
represent any of the groups defined for R ! , R2 f R3 and R*. respectively, but in which any groups which may 
und sirably participate in the resp ctive reactions have been protected; R ,b represents an alkyl group 
5 substituted by a group of formula: 

• Rl3 
/ 

,o -N 

\ 

H" 

(in which R 13 and R 14 are as defined below); R 10 represents a Ci -Cs. preferably Ct -C*. alkyl group or an 
is aralkyi group; R 11 represents an amino-protecting group: R 12 represents a haloalkyl group;- and R 13 and R ,J 
are the same or different and each represents a hydrogen atom, a Ct alkyl group, an aryl group, an 
aralkyi group or a C3 -Ca cycioalkyl group, as defined for R 1 . or. together with the nitrogen atom to which 
they are attached, represent a non-aromatic heterocyclic group, as defined for R\ 

In these reactions, the free acids and amides shown may, if desired or if required by the particular 
20 reaction chosen, be replaced by an appropriate active derivative, as described in more detail hereafter. 

There is no particular restriction on the nature of the protecting group which may be represented by 
R ,a , R 4 * and R 11 , and any such group commonly used in the field of amino acid chemistry may equally be 
employed here. For example, suitable amino-protecting groups include: carbonate residues, especially 
aralkyloxy-carbonyl groups, such as the benzyloxycarbonyl and 2* m0tnoxv benzyloxycarbonyl groups. 
25 alkoxycarbonyl groups, such as the t-butoxycarbonyl group, and other carbonate residues, such as the 9- 
fluorenylmethyloxycarbonyl groups. Examples of imino-protecting groups include the 2,4-dinitrophenyl 
group. 

The principal reactions in Reaction Schemes A, B, C, D and E are standard condensation reactions of 
the type conventionally used in peptide synthesis and they may be carried out according to any of the well 
30 known techniques employed in peptide synthesis, for example by the azide method, the active ester 
method, the mixed acid anhydride method, the carbodiimide method or the condensation method. The 
reactive derivatives employed in these reactions are those reactive derivatives conventionally employed in 
such methods. Certain of these methods are described in more detail below. 

35 

Azide Method 

First, the carboxylic acid of formula (VIII) (Reaction Scheme A), (X) (Reaction Scheme B or C), (XIII) 
(Reaction Scheme C). (XV) (Reaction Scheme D), (XVII) (Reaction Scheme D) or (XVIII) (Reaction Scheme 

40 E), as such, or, more usually, in the form of its corresponding alkyl ester, is treated with hydrazine in an 
inert solvent, to give the corresponding acid hydrazide. The nature of the solvent employed is not critical 
and any solvent commonly employed in this type of reaction may equally be employed here; however, we 
generally find it convenient to use a polar solvent, especially a fatty acid amide, such as dimethylfor- 
mamide. Also, the reaction temperature is not critical and the reaction will take place over a wide range of 

45 temperatures; we generally find it convenient to carry out the reaction at about ambient temperature. The 
resulting hydrazide is then reacted with a nitrite, to convert it into an azide, after which the azide is reacted 
with the amine of formula (IX) (Reaction Scheme A), (XI) (Reaction Scheme B or D). (XII) (Reaction Scheme 
C). (XIV) (Reaction Scheme C) or (XVI) (Reaction Scheme D or E). 

Examples of nitrites which may be employed include: alkali metal nitrites, such as sodium nitrite: and 

50 alkyl nitrites, such as isoamyl nitrite. 

The reaction of the acid hydrazide with the nitrite and the subsequent reaction of the resulting azide 
with the amine of formula (IX) (Reaction Scheme A), (XI) (Reaction Scheme B or D), (XII) (Reaction Scheme 
C), (XIV) (Reaction Scheme C) or (XVI) (Reaction Scheme D or E) are commonly carried out in the same 
reaction solution, without intermediate isolation of the azide. Both reactions are preferably carried out in the 

55 presence of an inert solvent. The nature of the solvent is not critical, provided that it does not interfere with 
the. r action. Suitable solvents include, for exampl : amides, such as dimethylformamide or 
dimethylacetamide; sulphoxid s. such as dim thyl sulphoxide; and pyrrolidones, such as N-methylpyr- 
rolidone. Although there is no criticality as to the r action temperature, the reaction with "the nitrite is 
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preferably ffected at a relatively low temperature, e.g. from -50°C to 0°C, whilst the reaction of the azide 
with the amine is preferably ffected at a t mperatureof from -10°C to +10°C. The time required for each 
of these reactions will vary, depending upon the nature of the r agents and the reaction temperatur . but a 
p riod of from 5 minutes to 1 hour and a period of from 10 hours to 5 days will normally suffice for the 
s r action with the nitrite and the reaction of the azide with th amine, resp ctiveiy. 



Active Ester Method 

io In this method, the carboxylic acid of formula (VIII) (Reaction Scheme A). (X) (Reaction Scheme B or 
C), (XIII) (Reaction Scheme C), (XV) (Reaction Scheme D), (XVII) (Reaction Scheme D) or (XVIII) (Reaction 
Scheme E) is first converted to an active ester by reacting it with a suitable reagent for producing active 
esters, after which this active ester is reacted with the amine of formula (IX) (Reaction Scheme A). (XI) 
(Reaction Scheme B or D), (XII) (Reaction Scheme C), (XIV) (Reaction Scheme C) or (XVI) (Reaction 

J5 Scheme D or E). 

Formation of the active ester is preferably effected by reacting the carboxylic acid of formula (VIII), (X) t 
(XIII). (XV). (XVII) or (XVIII) with, for example, an N-hydroxyimide compound, such as N-hydroxysuc- 
cinimide. 1 -hydroxy benzotriazole or N-hydroxy-5-norbomene-2,3-dicarboximide. The reaction to form the 
active ester is preferably effected in the presence of a condensing agent, such as dicyciohexyicarbodiimide 

20 or carbonyldiimidazole. 

The reaction to form the active ester is preferably effected in the presence of an inert solvent, the 
nature of which is not critical, provided that it has no adverse effect upon the reaction. Suitable solvents 
include, for example: halogenated hydrocarbons, preferably halogenated aliphatic hydrocarbons, such as 
methylene chloride or chloroform; ethers, such as diethyl ether or tetrahydrofuran; and amides, such as 

25 dimethylformamide or dimethylacetamide. 

The reaction temperature may vary over a wide range, for example from -10°C to room temperature. 
The time required for the reaction may also vary widely, depending upon the nature of the reagents and 
upon the reaction temperature, but a period of from 30 minutes to 10 hours will normally suffice. 

Reaction of this active ester with the amine of formula (IX) (Reaction Scheme A), (XI) (Reaction Scheme 

30 B or D), (XII) (Reaction Scheme C), (XIV) (Reaction Scheme C) or (XVI) (Reaction Scheme 0 or E) may be 
carried out with or without intermediate isolation of the active ester. Reaction of the active ester with the 
amine is preferably effected in the presence of an inert solvent, examples of which are as given for the 
preparation of the active ester itself. The temperature required for the reaction is not particularly critical and. 
for this reason, we normally prefer to carry out the reaction at about ambient temperature. The time 

35 required for the reaction will vary widely, but a period of from 30 minutes to 10 hours will normally suffice. 



Mixed Acid Anhydride Method 

40 in this method, the carboxylic acid of formula (VIII) (Reaction Scheme A), (X) (Reaction Scheme B or 
C). (XIII) (Reaction Scheme C), (XV) (Reaction Scheme D). (XVII) (Reaction Scheme D) or (XVIII) (Reaction 
Scheme E) is first converted to a mixed acid anhydride, and this is then reacted with the amine of formula 
(IX) (Reaction Scheme A), (XI). Reaction Scheme B or D). (XII) (Reaction Scheme C), (XIV) (Reaction 
Scheme C) or (XV!) (Reaction Scheme D or E). 

45 Preparation of the mixed acid anhydride, is effected by reacting the acid of formula (VIII), (X). (XIII), 
(XV), (XVII) or (XVII!) with a suitable reagent preferably in the presence of an inert solvent. Suitable 
reagents include: lower alkyl haloformates. such as ethyl chloroformate or isobutyl chloroformate; and di- 
(iower alkyl) cyanophosphonates, such as diethyl cyanophosphonate. Examples of suitable inert solvents 
include the amides and ethers referred to in relation to the active ester method. 

so This reaction is preferably effected in the presence of an organic amine, such as triethylamine or N- 
methylmorpholine. The reaction temperature may vary over a wide range, for example from -10°C to room 
temperature. The period required for the reaction will also vary widely, depending upon such factors as the 
nature of the reagents and the reaction temperature, but a period of from 30 minutes to 5 hours will 
normally suffice. 

55 Reaction of the resulting mixed acid anhydride with the amine of formula (IX), (XI), (XII), (XIV) or (XVI) is 
preferably effected in the presence of an in rt solvent, the natur of which is not critical, provided that it 
does not interfere with the reaction. Suitable solvents include th amides and ethers hereinbefore 
exemplified in relation to the active ester method. The reaction will take place over a wide range of 
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temperatures, but we, gen rally find it convenient to carry out the reaction at a temperature of from 0°C to 
about ambient temperatur . Th time required for the reaction will vary, d p nding upon many factors, such 
as the nature of the reagents and the reaction temperature, but a period of from 1 hour to 24 hours will 
normally suffice. 



Condensation Method 

In this method, the carboxylic acid of formula (VIII) (Reaction Scheme A). (X) (Reaction Scheme B or 
C), (XIII) (Reaction Scheme C), (XV) (Reaction Scheme D), (XVII) (Reaction Scheme D) or (XVIII) (Reaction 
Scheme E) is directly reacted with the amine of formula (IX) (Reaction Scheme A). (XI) (Reaction Scheme B 
or D), (XII) (Reaction Scheme C) t (XIV) (Reaction Scheme C) or (XVI) Reaction Scheme D or E). Such a 
reaction is preferably effected in the presence of a condensing agent, such as dicyclohexylcarbodiimide or 
carbonyldiimidazole. Otherwise, the reaction conditions and solvents are similar to those already described 
in relation to the active ester method. 

The above reactions are the reactions involved in Steps A1. B1, CI. C2, 01. D2 and E1 of Reaction 
Schemes A, B, C. D and E. The other reactions involved are as follows. 



Step C1 

In Reaction Scheme C. Step C1, the reaction involves the reaction of an acid of formula (X) with an' 
amine of formula (XII), as described generally above, followed by hydrolysis to remove the group 
represented by R 10 . The hydrolysis reaction may be carried out as described in relation to the removal of 
carboxy protecting groups hereafter. 



Step 02 

In Reaction Scheme D f Step D2, the amino-protecting group R 11 is first removed, before subjecting the 
resulting compound to reaction with an acid of formula (XVII), as described generally above. Removal of the 
amino-protecting group may take place as described hereafter in relation to the removal of protecting 
groups generally. 



Step E2 

In this step, the compound of formula (XIX), prepared as in Step E1. is reacted with a compound of 
formula (XX): 



/ 

H-N (XX) 
\ 

R« 

(in which R 13 and R 14 are as defined above), to give a compound of formula (lb). The reaction is preferably 
carried out by treating the compound (XIX) with the amine of formula (XX) in an inert solvent, the nature of 
which is not critical, provided that it has no adverse effect on the reaction. Suitable solvents are as 
described above in relation to the peptide-forming reaction of acids and amines in the active ester reaction. 

The reaction is preferably carried out in the presence of a base, the nature of which is not critical to* the 
reaction. Suitable bases include, for example: alkali metal carbonates and bicarbonates, such as sodium • 
carbonate, potassium carbonate or sodium bicarbonate; and organic amines,, such as triethylamine or N- 
methylmorpholine. ~" 

Th r action will take place over a wide rang of temperatures, and th precise temperature chosen is 
not critical to the invention. However, we generally find it convenient to carry out th reaction at a 
temp rature in the range from -30°C to + 100°C (more preferably from 0°C to 50°C). The time required for 
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this r action will vary, depending upon the nature of the reag nts and thoxeaction temperature, but a period 
of from 30 minutes to 2 days will normally suffice. 



5 Protecting Reactive Groups 

Where the reagents employed in any of the above reactions, that is to say the carboxylic acids of 
formulae (VIII), (X). (XV), (XVII) and (XVIII) or the amines of formulae (IX), (XI), (XII). (XIV). (XVI) and (XX) or 
their reactive derivatives, contain active groups (e.g. amino, carboxy or imino groups including e.g. the 

ro imino group in the imidazolyl moiety of histidine) which are not intended to take part in peptide bond 
formation but which might interfere with the above reactions or undesirably participate in them, it is 
desirable that these groups should be protected before the reaction to form the peptide linkage and then, 
after that reaction, that the protected groups should be deprotected. 

There is no particular limitation on the nature of the protecting group employed and such groups are 1 

15 well-known in peptide chemistry. For example, suitable amino-protecting groups include: carbonate resi- 
dues, such as the benzyloxycarbonyl, £-methoxybenzyloxycarbonyl, t-butoxycarbonyl and 9-fluoreny!- 
methyloxycarbonyl groups. Suitable carboxy-protecting groups include the lower alkyl groups, e.g. the £ 
methyl, ethyl, propyl or t-butyl groups, and aralkyl groups, such as the benzyl group. Examples of imino- 
protecting groups include the 2.4-dinitrophenyl group. 

20 The protecting groups may be inserted and then removed by conventional methods. For example, 
where the amino-protecting group is a t-butoxycarbonyl group or the carboxy-protecting group is a t-butyi 
group, this group may be removed by treatment with an acid (e.g. hydrochloric acid, hydrofluoric acid, 
trifluoroacetic acid or boron trifluoride, preferably in the form of a complex, e.g. the diethyl etherate), 
optionally in the presence of a cation scavenger (e.g. anisole or thioanisole). Such a reaction is preferably 

25 effected in an inert solvent The nature of the solvent is not critical, provided that it has no adverse effect on 
the reaction, and examples of suitable solvents include: ethers, such as dioxane; lower alcohols, such as 
methanol; and amides, such as dimethylformamide. The reaction will take place over a wide range of 
temperatures, and the precise temperature chosen is not critical; we generally find it convenient to carry out 
the reaction at, for example, a temperature of from 0°C to 30°C. The time required "for the reaction may 

30 vary widely, depending upon many factors, notably the nature of the reagents and the reaction temperature; 
however, a period of from 20 minutes to 1 hour will normally suffice. 

When the amino or imino group is protected by an aralkyloxycarbonyl group or other carbonate residue 
and when the carboxy group is protected by an aralkyl group, the protecting group can be removed by 
catalytic reduction of the protected compound in the presence of hydrogen (for example under a hydrogen 

35 pressure of from atmospheric to 10 atmospheres) and in the presence of a suitable hydrogenation catalyst, 
for example palladium-on-carbon or- palladium black. The reaction is preferably effected in the presence of 
an inert solvent, the nature of which is not critical, provided that it has no adverse effect on the reaction, and 
examples of suitable solvents include: lower alcohols, such as methanol or ethanol: and ethers, such as 
tetrahydrofuran. We generally find it convenient to carry out the reaction at about ambient temperature, 

40 although this Is not critical. The time required for the reaction may vary widely, but a period of from 30 
minutes to 8 hours will normally suffice. 

When the carboxy group is protected by a lower alkyl group, the protecting group may be removed by 
reacting the protected compound with an alkali (e.g. an alkali metal compound, preferably hydroxide, such 
as sodium hydroxide or potassium hydroxide). The reaction is preferably effected in a solvent, the nature of 

45 which is not critical, provided that it has no adverse effect on the reaction. An aqueous solvent, such as 

aqueous methanol or aqueous ethanol is normally preferred. The reaction will take place over a wide range % 
of temperatures, e.g. from 0 to 30° C. The time required for the reaction may vary widely, but a period of 
from 30 minutes to 5 hours will normally suffice. 

Where the imino nitrogen atom in the imidazole moiety of a histidine residue is protected by a 2,4- $ 

50 dinitrophenyl. this may be removed by treating 'the protected compound with 2-mercaptoethanol. The 
reaction temperature is not critical, and we generally find it convenient to carry out the reaction at about 
ambient temperature. 
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25 



Conversion Reactions 

If desired, certain groups in the compound of formula (I) prepared .as described above may be 
conv rted to certain other groups by appropriate reactions well-known in the field of peptide synthesis. For 
s example, if desired, any acyl group within the resulting compound of formula (I) may be converted to any 
other acyl group; the reactions and reaction conditions involved in such conversions are well known in the 
art. 

After completion of any of the above reactions or of the final such reaction, the desired compound may 
be isolated from the reaction mixture by conventional means. For example, one suitable recovery procedure 
io comprises: if necessary, neutralizing the reaction mixture; removing the insoluble residue, if any, by 
filtration; and then distilling off the solvent to give the desired compound. If necessary, this compound may 
be further purified by such conventional means as recrystallization, reprecipitation or the various chromatog- 
raphy techniques, such as column chromatography or preparative thin layer chromatography. 

is 

Preparation of Starting Materials 

The starting material of formula (IX) (Reaction Scheme A) may be prepared, for example, by protecting 
the amino group of cyclostatine or an analogue thereof, which is a compound of formula: 

• • 

i i 
\ / 

• 

I 

H 2 N-CH-CH-CH 2 -C-OH 
OH O 

35 

by conventional means, reacting the resulting protected compound with an amine of formula: 

40 / 

H-N (XXa) 
\ 

R5 

45 by a procedure similar to that described above in relation to Step C2 or E2, and then removing the 
protecting group. The cyclostatine or analogue thereof may be prepared by the method of J. Boger et al. [J. 
Med. Chem., 28, 1779 (1985)]. 

Also, in Reaction Scheme C, certain of the starting materials of formula (XII) are known compounds, or 
they may be prepared, for example, as described by R. P. Ahlqist [Prog. Drug Res.. 20. E. Junker, Ed M 
50 Birkhauser Verlag (1976)]. 

Certain of the other starting materials employed in Reaction Schemes A - E, described above, may be 
prepared as illustrated in the following Reaction Schemes F - J. 

.Thus, alanine derivatives having an aromatic heterocyclic group as a substituent at the 3-position can 
easily be prepared by the reactions shown in Reaction Scheme F: 

55 
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Reaction Scheme F 



10 



15 



AcN 



COOR 



15 



COOR 15 



+ R 3b -CH 2 X 
(XXII) 



Step F1 



20 



(XXI) 



25 



30 



35 



40 



45 



3b 

R H 



COOR 



15 



Step F2 



/ \ « e 

I 

H (XXIII) 



R 3b 
H 2 

H 2 N-CH-C00H 
(XXIV) 



In the above formulae, Ac represents an acetyl group (although this can, if desired, be replaced by 
another amino-protecting group, e.g. as illustrated above); R 3b represents an aromatic heterocyclic group 
(as included in the groups defined above for R 3 ); X represents a halogen atom (preferably a bromine atom); 
and R 15 represents a lower alkyl group or other carboxy-protecting group removable by treatment with an 
acid (preferably an ethyl group). 

In Step F1 of this reaction scheme, the compound of formula (XXI) is first treated with a base 
(preferably an alkali metal hydride, such as sodium hydride) and is then reacted with a substituted methyl 
halide, preferably bromide, of formula (XXII), to give the compound of formula (XXIII). This is then reacted, 
in Step F2. with an acid (which may be a mineral acid or an organic acid, preferably hydrochloric acid), to 
give the alanine derivative of formula (XXIV). 

Certain of the starting materials of formula (X) (Reaction Schemes B and C) can be prepared as 
illustrated in Reaction Schemes G, H and I: 



50 
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Reaction Scheme G 



R 2a CH r x' + CH 2 (C00R 10 1 2 step 61 



(XXV) (XXVI) 



R 2a CH 2 CH (C00R 10 ) 2 Step 62 ^ 

(XXVII) +R 1a .C0.(CH 2 ) n -X M (XXVIIa) 

R 2a 
I 

CH 2 

R 1 -C-(CH 2 ) n - C(C00R 10 ) 2 Step 63 ^ 

0 

(XXVIII) 

R 2a 



CH 2 

R U — C— (CHoL -Cfl-COOH 

II 

0 

(Xa). 
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Reaction Scheme H 



R 2a -CH0 + rIOqoc— (CH 2 l n -CH 2 -C00R 10 $tep H1 
(XXIX) (XXX) 



R 2a 
I 

CH 

H in Step H2 
-r— rnnp» u — 



R^OOC-fCH^-C-COOR 
-(XXXI) 



R 2a 




R 2a 



CH 

-° Step H3 CH 



(CH 2 ) n I +Rl c H. R 1c -C-(CH,L-C-C00H 

o mxh) ° (XXXIII) 

R 2a 
I 

CH2 

*HZ*± R 1e -C-(Cll2)„-CH-C00H 



0 • (Xb) 
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Reaction Scheme I 



R 2a R 2a 



C*2 JCty n CH Step 11 CH 2 (CH 2 ) n /\ 

COOR™ COOR 10 
(XXXIV) (XXXV) 

R 2a 

OH CH 2 

1c ^ J K lfl Step 13 

+ R 1c H R ,C -CH 2 (CH 2 l n COOR 10 ~ 

(XXXVI) 



0 



R 2a 

I 

CH* 



|! I 2 Step iy 

R' C -CH 2 (CH 2 )^ ^C00R 1U 



(XXXVII) 



>2a 



0 CH 2 



R lc -CH 2 -C~(CH 2 ) n -CH-C00H 
(Xc) 

In the above formulae, R 1a . R 2 *, R 10 and n are as defined above; R 1c represents a heterocyclic group or 
a group of formula (II), as defined in relation to the groups which may be represented by R 1 or which may 
be substituents on the alkyl groups. represented by R 1 X' and X* each represents a halogen atom, for 
example the fluorine, chlorine, bromine or iodine atoms. 

The reactions may be carried out as follows: 
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Reaction Scheme G, Step G1 

In this reaction, a substituted methyl halide of formula (XXV) is reacted with a malonic acid st r of 
formula (XXVI). This r action may be carried out, for xample, by the method d scribed in Organic 
5 Synthesis Coll., 3, 705. 



Step G2 

w In this step, the mono-substituted malonic acid ester of formula (XXVII) obtained as described in Step 
G1 is reacted with a halide of formula (XXVI la), to give the corresponding di-substituted malonic acid ester 
of formula (XXVIII), for example by the same method as Tn Step G1. 

is Step G3 

In this step, the di-substituted malonic acid ester of formula (XXVIII) is subjected to hydrolysis and * 
decarboxylation, to give the desired compound of formula (Xa). This reaction may be carried out by 
conventional means well known in this art. 

20 

Reaction Scheme H, Step H1 

This reaction scheme prepares a compound of formula (X) in which R 1 represents a heterocyclic group 
25 or a group of formula (II), i.e. the group defined as R ,c . In the first step of this reaction, an aldehyde of 
formula (XXIX) is reacted with a glutaric acid diester or adipic acid diester of formula (XXX). to give the 
compound of formula (XXXI). 



30 Step H2 

In this step, the compound of formula (XXXI) is subjected to hydrolysis by conventional means to 
remove the protecting group R 10 and is then heated in the presence of acetic anhydride, to afford the acid 
anhydride of formula (XXXII). 

35 

Step H3 

The anhydride of formula (XXXII) is reacted with an amine of formula R ,C H, to cause ring opening and 
40 give the compound of formula (XXXIII). 



Step H4 

45 Finally, the compound of formula (XXXIII) is subjected to catalytic hydrogenation, which may take place 

under atmospheric pressure in the presence of a suitable catalyst, e.g. palladium-on-carbon or platinum ? 
black, to give the desiced compound of formula (Xb). 

f 

so Reaction Scheme [ Step II 

In this reaction scheme, there is. prepared a compound of formula (X) in which R 1 represents a methyl 
group substituted by a heterocyclic group or substituted by a group of formula (II). as defined above, i.e. a 
group of formula R 1c -CHr(in which R tc is as defined above). 
55 In the first step of this reaction scheme, the compound of formula (XXXIV) is reacted with an oxidizing 
agent to giv the epoxide of formula (XXXV). Th oxidation is preferably effected with an organic p racid, 
such as 3-chloroperbenzoic acid. 

The starting material of formula (XXXIV) may be prepared by reacting a propionic acid ester of formula 
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R 2a CH 2 CH 2 COOR 10 (in which R 2a and R vZ are as defin d above) with an alkenyl halide of formula CH 2 = CH- 
(CH 2 ) n -Y (in which n is as defined above and Y represents a halogen atom, .g. as defin d for X). Suitable 
alkenyl hafides includ . for exampl , allyl chlorid or ally! bromide. The reaction is preferably ffected in the 
presenc of a metallic base, such as lithium diisopropylamide. butyllithium, metallic sodium or sodium 
s hydride. 



Step 12 

to In this step, the epoxide of formula (XXXV) is reacted with an amine of formula R lc H, to give the 
compound of formula (XXXVI). The reaction may take place under conditions similar to those employed in 
Step E2, except that, in this case, the presence of a base is not necessary. 

,s SteP 13 

In this step, the compound of formula (XXXVI) is oxidized, using an oxidizing agent such as a sulphur 
trioxide/pyridine complex, pyridinium chforochromate or pyridinium dichromate. to give the compound of 
formula (XXXVII). 

20 

Step 14 

Finally, if necessary, the carboxy-protecting group R 10 is removed from the compound of formula 
25 (XXXVII). to give the compound of formula (Xc). 

The compounds prepared in Reaction Schemes G, H and I are mixtures of isomers and, if desired, 
these may be used as such in the subsequent reactions (e.g. those of Reaction Schemes A - F). or the 
individual isomers can be separated and recovered using conventional techniques, for example, the various 
chromatography techniques, such as column chromatography, prior to use in the subsequent reactions. 
30 However, if desired, the compounds of formula (X) can be synthesised stereospecificaliy, using the 
methods shown in Reaction Scheme J: 
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Reaction Scheme 1 



0 



HN^O + R 2 -CH 2 CH 2 C0X I Ste P 1 \ 
/ 1 (XXXIX) 
\l6 
(XXXVIII) 



po 0 0 

%J X»-(CH 2 , r C00Rl0 I *±J 

{XL1 (XL II) 



Step J3 



- R 



0 0 



(CH 2 ) f 



HOOC 
(XLIII) 



16 



0 0 

- R s H v 0 



+ R 1c H 



R 2a 

I 

CH 

Step J5 | 

R lc -C-(CH 2 ) n -CH-C00H 

II IS) 
0 

(Xd). 



o 



R 



(XLIV) 
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In the above formula, R ,c . R 2 *, R v \ X\ X' and n are as defined above; and R 16 represents a phenyl 
group or a substituted phenyl group, e.g. as illustrated in relation to R 2 . or a C> -Ce alkyl group, e.g. as 
illustrated in relation to R 3 . 

5 

Step J1 

In this step, the compound of formula (XXXVIII) is treated with a base {especially a base containing an 
to alkali metal, such as butyllithium), to afford an alkali metal salt, which is then reacted with the halogen 
compound of formula (XXXIX) to give the compound of formula (XL). 



Step J2 

15 

The compound of formula (XL) is converted to an alkali metal salt by reaction with a metal-containing 
base (e.g. lithium diisopropylamide), and is then reacted stereospecifically with the compound of formula 
(XLI), to give the compound of formula (XLII). 

20 

Step J3 

In this step, the compound of formula (XLII) is subjected to catalytic hydrogenation (e.g. hydrogenation 
in the presence of a palladium-on-carbon catalyst) or to hydrolysis to remove the protecting group R" : and 
25 give the compound of formula (XLIII). 



Step J4 

30 The compound of formula (XLIII) is reacted with an amine of formula R ,C H, in the presence of a 
condensing agent (e.g., diethyl cyanophosphonate and triethylamine), to give the compound of formula 
(XUV). 



35 Step J5 

Finally, this compound of formula (XLIV) is subjected to hydrolysis under conventional conditions to 
give the compound of formula (Xd). 

4Q 

INHIBITION OF RENIN ACTIVITY 

The ability of various compounds of the invention to inhibit the activity of renin was determined 
according to the following method, which follows essentially the procedure of Kokubu et al. [Hypertension. 
as 5.191 - 197(1983)]. 

Specifically, each test compound was dissolved in 60% v/v aqueous ethanol. Human renin activity in 
the presence and absence of each compound was measured using sheep angiotensinogen. The total 
volume of 1 ml of assay mixture contained 0.1 mole/litre phosphate buffer (pH 7.3), human renin (equivalent 
to 0.5 ng angiotensin I per ml per minute), sheep angiotensinogen (equivalent to 200 ng angiotensin I), 1 x 
so 10 6 M of the test compound, 6% v/v ethanol and angiotensinase inhibitors (10 mmole/titre sodium 
ethylenediaminetetraacetate and 3.4 mmole/litre 8-hydroxyquinoline). The mixture was allowed to react for 
10 minutes at 37°C, and then the reaction was stopped by placing the reaction tube in a boiling water bath 
for 5 minutes. The mixture was then centrifuged and the supernatant (0.05 - 0.1 ml) was used to assay 
remaining angiotensin I. 

55 An identical experiment was carried out, as a control, except that the test compound was omitted. From 
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the values obtained wer calculated the % inhibition of renin activity achieved by each test compound. The 
r suits are shown in the following Table 9, in which the compounds of the invention ar identified by the 
numbers of th Exampl s given "hereafter in which are described th ir preparation. The vaJues given are the 
mean of 3 or 4 experiments. 

s 



TO 



* 

15 



20 



25 



30 



35 



40 



45 
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50 
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TABLE 9 



Compound of 
Example No. 


Inhibitory Activity 
(%) 


2 


91.2 


3 


92.2 


8 


96.5 


9 


94.0 


11 


96.9 


13 


96.6 


15 


96.3 


31 


98.2 


42 


96.7 


43 


91.2 


64 


97.5 


65 


97.4 


66 


95.7 


69 


96.1 


73 


97.7 


76 


97.1 


98 


98.1 


100 


96.1 


101 


94.9 


103 


98.6 


104 


98.6 


105 


98.0 


106 


98.2 


107 


98.4 


108 


98.6 


109 


98.3 


110 


98.3 


111 ~ ' 


96 .0 


112 


98,0 
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As can b seen from the r suits in the Table above, the compounds of the pres nt invention have a 
substantial inhibitory effect on th activity of human renin and are thus useful for the diagnosis and therapy 
of renin* angiotensin-induced hypertension in humans and other animals. Furthermore, we have found from 

5 biliary xcretion and blood plasma xperiments that the compounds are well absorbed from the digestive 
tract . upon oral administration and this has been supported by tests in marmosets. Mor over, the 
compounds of the invention ar readily soluble in water. Furthermore, in animal tests using mice and rats, 
the compounds of the present invention have demonstrated a lower toxicity than do the prior art 
compounds. All of these results indicate that the compounds of the invention will be of considerable 

io therapeutic value and that, unlike related compounds proposed previously, they may be administered, in 
practice, by the oral route, as well as by the more conventionaJ parenteral route. 

The compounds of the invention . may be formulated in conventional dosage forms f normally in 
admixture with a pharmaceutical carrier or diluent. For oral administration, the compounds can be 
formulated, for example, as tablets, capsules, granules* powders or syrups. For parenteral administration, 

75 they may be formulated as injections in a suitable liquid or as suppositories. The dosage will vary, 
depending upon the age, symptoms and body weight of the patient, as well as upon the desired end result; 
however, we would normally anticipate administering a dose of from 0.01 mg to 100 mg.kg body weight per 
day, which may be administered as a single dose or in divided doses. 

The invention is further illustrated by the following non-limiting Examples. Preparation of certain of the 

20 starting materials employed in these Examples is illustrated by the subsequent Preparations. The biological 
activities of certain of the compounds of the invention are then illustrated in the subsequent Experiments. In 
the Examples and Preparations, values of optical rotation were measured using the sodium D-line, i.e. all 
are [afe. Also, where an Rf value is given in these Examples and Preparations in relation to a product, it was 
determined by thin layer chromatography on silica gel. using a 10 : 1 by volume mixture of methylene 

25 chloride and methanol as the developing solvent, unless otherwise specified. 



EXAMPLE 1 

30 N-fN-[(2RV3-Morpholinocarbonyh2-(1-naphthylm^ 
morpholinoethyQamide 

1(a) N^N-(t-Butoxycarbonyl)-3-(^ 

35 0.16 ml (1.05 mmole) of diethyl cyanophosphonate (95%, i.e. of a purity about 95%) and 0.44 ml (3.15 
mmole) of triethylamine were added to a solution of 261 mg (0.96 mmole) of N-(t-butoxycarbonyl)-3-<4- 
thiazolyl)-L-alanine and 384 mg (0.96 mmole) of cyclostatin-(2-mon?holinoethyl)amide dihydrochloride 
[prepared as described in preparation 17(b)] dissolved in 10 ml of anhydrous tetrahydrofuran under an 
atmosphere of nitrogen, whilst ice-cooling. The reaction mixture was then stirred at the same temperature 

40 for 2 hours. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 
residue was purified by thin layer chromatography on a silica gel plate (developing solvent: a 10 : 1 by 
volume mixture of chloroform and methanol), to afford 450 mg (81%) of the title compound as white 
crystals, melting at 73 - 75°C. 

45 Mass Spectrum m/e: 582 (M + + 1). 

y 

1(b) N-fN-[(2R)-3-Morpholinocarbonyl-2-(1-naphthytm^ 

morpholinoethyQamide * 

50 

A solution of 310 mg (0.53 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thiazolylhL-aIanyl]-cyclostatin-(2- 
morpholinoethyl)amide [prepared as described in Example 1(a) above] in 5 ml of a 4N solution of hydrogen 
chloride in dioxane was stirred at room temperature for 30 minutes, after which the solvent was removed by 
distillation under reduced pressure. The residue was dried thoroughly, after which it was suspended in 10 
55 ml of anhydrous tetrahydrofuran. 192 mg (0.59 mmole) of (2R)-3-morpholinocarbony!-2-(l-naphthylmethyl)-* 
propionic acid (prepared as described in Preparation 4) were then added to the resulting solution. 0.09 ml 
(0.59 mmole) of diethyl cyanophosphonate (95%) and- 0.36 ml (2.58 mmole) of triethylamine were th n 
added to this mixture, whilst ice-cooling and and r an atmosphere of nitrogen, and the r action mixture was 
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stirred whilst continuing the ice-cooling for 2 hours. At the end of this time, the solvent was r moved by 
distillation under reduced pressure, and th residue was purifi d by thin layer chromatography on a silica 
gel plate (developing solvent: a 10 : 1 by volum mixtur of chloroform and methanol), to afford 220 mg 
(52%) of the title compound, melting at 93 - 96°C. 

Elemental analysis: 
Calculated for C^hbONeS H2O: 

C, 62.35%; H f 7.47%; N, 10.39%; S, 3.96%. 
Found: 

C. 62.33%: H, 7.34%; N, 10.09%; S. 3.76%. 



EXAMPLE 2 

N-fN-t(2R)-3-Morpholinocarbony^ 
morpholinoethyi)amide 

2(a) N"[N-(t-Butoxycarbonyi)-3-(4-thia2olyl)-DL-alanyl]-cyclostatin-(2*morpholinoethyl)amide 

A solution of 314 mg (0.74 mmole) of N-(t-butoxycarbonylKyclostation-(2-morpholtnoethyl)amide 
[prepared by a procedure similar to that described in Preparation 17(a)] in 5 ml of a 4N solution of 
hydrogen chloride in dioxane was agitated at room temperature for 30 minutes. At the end of this time, the 
solvent was removed by distillation under reduced pressure. Diethyl ether was added to the residue, and 
then the solvent was again removed by distillation under reduced pressure. The residue was dried 
thoroughly and suspended, together with 200 mg (0.73 mmole) of N-(t-butoxycarbonyl)-(4-thiazolyl}-DL- 
alanine, in 10 ml of anhydrous tetrahydrofuran. 0.13 ml (0.86 mmole) of diethyl cyanophosphonate (95%) 
and 0.34 ml (2.44 mmote) of triethylamine were then added to this suspension, whilst ice-cooling and under 
an atmosphere of nitrogen. The mixture was then stirred whilst continuing the ice-cooling for 2 hours. At the 
end of this time, the solvent was removed by distillation under reduced pressure, and the residue was 
purified by thin layer chromatography on a silica gel plate (developing solvent: a 10 : 1 by volume mixture 
of chloroform and methanol), to afford 404 mg (95%) of the title compound as white crystals, melting at 73 - 
75°C. 

Mass Spectrum m/e: 582 (M + + 1 ). 

Elemental analysis: 

Calculated for CaH^NsOeS HaO: 

C. 56.07%; H. 8.23%; N, 11.68%; S. 5,34%. 
Found: 

C. 56.31%; H, 7.96%; N, 11.41%; S, 5.70%, 



2(b) N-{N-f(2R)-3-Morpholinocaito^ 
(2-rnorpholinoethyt)amide 

A solution of 280 mg (0.48 mmole) of N-[N-(t-butoxycarbonyl)-3-(4~tft 
morpholinoethyl)amide [prepared as described in Example 2(a) above] dissolved in 5 ml of a 4N solution of 
hydrogen chloride in dioxane was stirred at room temperature for 30 minutes. At the end of this time, the 
solvent was removed by distillation under reduced pressure. The residue was dried thoroughly, after which 
it was suspended in 10 ml of anhydrous tetrahydrofuran. 173 mg (0.53 mmole) of (2R)-3- 
morpholinocarbonyl-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 4) were then 
added to the resulting solution, after which 0.09 ml (0.59 mmote) of diethyl cyanophosphonate (95%) and 
0.34 ml (2.44 mmole) of triethylamine were added to the mixture, whilst ice-cooling and under an 
atmosphere of nitrogen. The reaction mixture was then stirred whilst continuing the ice-cooling for 2 hours. 
At the end of this time, the solvent was removed by distillation under reduced pressure, and the residue 
was purified by thin layer chromatography on a silica gel plat (developing solvent: a 10 : 1 by volume 
mixtur of chloroform and methanol), to afford 175 mg (46%) of the title compound, melting at 92 - 95 °C. 
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Elemental analysis: 
Calculated for C^HsaNeOS H2O: 

C. 62-35%; H, 7.47%; N, 10.39%; S, 3.96%. 
Found: 

5 C, 61.98%; H, 7.25%; N, 10.08%; S. 3.77%. 
EXAMPLE 3 

70 N-{N-f(2R)-3-Morpholinocarbonyl-2-(1-naphthy^ 
morpholinoethyQamide 

3(a) N-[N-(t-Butoxycarbonyl)-3-(5-isoxa 

15 5 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 0.125 g (0.29 mmoie) 
of N-(t-butoxycarbonyl)-cyclostatin-(2-morpholinoethyl)amide [prepared as described in Preparation 17(a)] in 
5 ml of dioxane. whilst ice-cooling, and the mixture was then stirred at room temperature for 2 hours. At the 1 
end of this time, the reaction mixture was evaporated to dryness under reduced pressure. A solution of 89 
mg (0.348 mmole) of N-(t-butoxycarbonyl)-3-(5-isoxa20lyl)-L-alanine (prepared as described in Preparation 

20 8) dissolved in 15 ml of dimethyiformamide was then added to the resulting residue. 0.13 g (12.76 mmoie) 
of triethylamine and 57 mg (0.348 mmole) of diethyl cyanophosphonate (95%) were added to the mixture, 
whilst stirring, and the mixture was allowed to react at room temperature for 21 hours. At the end of this 
time, the solvent was removed by distillation under reduced pressure. Water was added to the residue, and 
the mixture was extracted with methylene chloride. The extract was dried, and the solvent was removed by 

25 distillation under reduced pressure. The residue was purified by column chromatography through silica gel, 
using a 1 : 49 by volume mixture of methanol and methylene chloride as eluent, to afford 85 mg (51.8%) of 
the title compound as an oily substance. 

30 3(b) N-fN-[(2R)-3-Moi?holinocarbonyh2-(1-n^ 
(2-morpholinoethyl)amide 

A solution of 85 mg (0.15 mmole) of N-[N*(t*butoxycarbonyl)-3-(5'isoxazolylhDL'alanyl]-cyclostatin-(2- 
morpholinoethyl)amide [prepared as described in Example 3(a) above] dissolved in 2 mi of a 4N solution of 

35 hydrogen chloride in dioxane was stirred at room temperature for 1 .5 hours, after which the reaction mixture 
was evaporated to dryness under reduced pressure. The residue was suspended in tetnahydrofuran, and 49 
mg (0.15 mmole) of (2R)-3-morpho!inocarbonyI-2-(1-naphthylmethyl)propionic acid (prepared as described 
in Preparation 4), 67 mg (0.66 mmole) of triethylamine and 29 mg (0.18 mmole) of diethyl 
cyanophosphonate (95%) were added, whilst stirring, to the resulting suspension. The mixture was then 

40 stirred at room temperature for 3 hours, after which it was allowed to stand for 4 days. The solvent was then 
removed by distillation under reduced pressure, and the residue was purified by preparative thin layer 
chromatography on a silica gel plate (developing solvent:- 10% by volume methanol in methylene chloride), 
to afford 74 mg (61.7%) of the title compound, melting at 84 - 86°C. 

45 Elemental analysis: 

Calculated for C^HsNeOa H2O: t 

C f 63.70%; H, 7.51%;* N f 10.61%. 
Found: 

C, 63.75%; H, 7.19%; N, 10.41%. » 

50 

EXAMPLE 4 

' N-(N4(2R)-3-Morpholinocarbonyl"2-(1-naphthyimethyl)propionyl>L-phenylalanylVcyclostatin-(2" 
55 mbrpholinoethyl)amide 

Following a procedure similar to that described in Exampl 1(b), 100 mg (0.17 mmole) of N-(t- 
butoxycarbonyl)-L-phenylalanyl-cyclostatin-(2-morpholino thyl)amide [prepared by a procedure similar to 



82 



0 274 259 



that described in Preparation 1(a). followed by a procedure similar to that described in Exampl 1(b)] were 
reacted with 56 mg (0.17 mmole) of (2R)-3-(1-morpholinocarbonyl>-2-(1-naphthylrnethyl)propionic acid 
(pr par d as d scrib d in Preparation 4). to afford 23 mg of the title compound as a colourless amorphous 
substance. 

Silica gel thin layer chromatography. Rf value 0.56. 

El mental analysis: 
Calculated for C^HeiNsO 2.5 H2O: 
C. 65,19%; H, 8.02%; N, 8.45%. 
Found: 

C. 65.06%; H. 7.87%; N, 8.25%. 



EXAMPLE 5 

N-{N-[(2R)-3-Morpholinocarbonyl-2-(1^ 
morpholinoethyQamide 

5(a) N-[N-(t-Butoxycarbonyl)-3-(2-thienyl)-DL-alanyl]*cyclostatin"(2^orpholinoethyl)amide 

Following a procedure similar to that described in Example 2(a), 200 mg (0.74 mmole) of N-(t- 
butoxycarbonyl)-3-(2-thienyl)-DL-alanine (prepared by a procedure similar to that described in Preparation 
8) were reacted with 300 mg (0.74 mmole) of cyclostatin-(2-morpholinoethyl)amide dihydrochloride 
[prepared as described in Preparation 17(b)], to afford 310 mg of the title compound as a colourless 
amorphous substance. 

Elemental analysis: 
Calculated for CaHisNiOeS: 

C f 59.97%: H, 8.33%; N, 9.65%; S, 5.52%. 
Found: 

C, 59.50%; H. 8.18%; N. 9.62%; S, 5.68%. 



5(b) N-{N-[(2R)-3-Morpholinocarbonyl-2^ 
morpholinoethyQamide 

A procedure similar to that described in Example 2(b) was repested, except that 70 mg (0.12 mmole) of 
N-[N-(t-butoxycarbonylh3-(2-thienyl^ {instead of the N-[N-(t- 

butoxycarbonyl)-3-(4-thiazolylhDL-alanyl^ and prepared in a manner 

similar to that described in Preparation 8} were reacted with 40 mg (0.12 mmole) of (2R)-3- 
morpholinocarbonyl-2-(1-naphthylmethyl)propionic acid, to afford 27 mg of the title compound as a colour- 
less amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.59. 

Elemental analysis: 

Calculated for C43H3N5O7S 2.5 H2O: 

C. 61.85%; H, 7.73%; N, 8.39%; S. 3.84%. 
Found: 

C, 61.74%; H. 7.50%; N. 8.18%; S, 3.62%. 



EXAMPLE 6 

N-^N-[(2R)-3-Morphonnocarbon^ 
amide 

Following a procedur similar to that described in Exampl 3(a), 344 mg (0.84 mmole) of N-(t- 
butoxycarbonyI)-N lm -tosyl-L-histidine were reacted with 300 mg (0.70. mmole) of N-(t-butoxycarbonyl)- 
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cyclostatin-(2-morpholinoethyl)amid [prepared as described in Pr paration 17(a)], to afford 240 mgof N- 
(N-(t-butoxyrarbonyl)-N^ as white crystals. 

Then, following a procedur similar to that described in Example 1(b), 220 mg (0.31 mmole) of th N- 
[N-(t-butoxycarbonyl)-N ,m -tosyl-L-histidyl]-cyclostatin-{2-morpholino thyl)amide (prepared as described 
above) were allowed to react with 100 mg (0.31 mmol ) of (2R)-3-morpholinocarbonyl-2-f1-naphthyimethyI)- . 
propionic acid (prepared as described in Preparation 4) for. 15 hours. At the end of this tim . a solution of 
83 mg (0.61 mmole) of i-hydroxybenzotriazole in methanol was added, and the mixtur was stirred at room 
temperature for 1 hour. The solvent was then removed by distillation under reduced pressure. The residue 
was purified by preparative thin layer chromatography on a silica gel piate (developing solvent: an 8 : 1 by 
volume mixture of methylene chloride and methanol), to afford 50 mg of the 2.5-hydrate of the title 
compound as white crystals, melting at 105 - 109°C. 

Elemental analysis: 

Calculated for QaH&HiCh 2.5 H 2 0: 

C. 61 .59%; H. 7.88%; N, 1 1 .97%. 
Found: 

C. 61.65%; H. 7.65%: N, 11.73%. 



EXAMPLE 7 

N-fN'[(2R)-3-Morpholinocarbonyl-2K1-naphthylmethyl)propionyl]-L"leucyl>^yclostatin-(2-morpholinoethyl)- 
amide 

Following a procedure similar to that described in Example 1(b). 122 mg (0.373 mmole) of (2R)-3- 
morpholinocarbonyl-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 4) were 
reacted with 200 mg (0.370 mmole) of N-[N-(t-butoxycartonyI)-L-leucyl]-cyclostatin-(2-morpholinoethyl)- 
amide [prepared by a procedure similar to that described in Example 1(a)], to afford 154 mg of the title 
compound as a pale yellow amorphous substance. 

Silica gel thin layer chromatography. Rf value 0.44. 

Elemental analysis: 
Calculated for C^HejNsO? 2.5 H 2 0: 
C. 64.18%; H, 8.59%; N. 8.91%. 
Found: 

C, 63.82%; H, 8.31%; N. 8.81%. 



EXAMPLE 8 

N-fN-f(2R)-2-(1-NaphthylmemyO^^ 
alanyl>-cyclostatin-(2'morpholinoethyl)amtde 

Following a procedure similar to that described in Example 2(b), 90 mg (0.25 mmole) of (2R)-3-(2,6- 
dimethylmorphoiinocarbonyl)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 18) 
were reacted with 150 mg (0.25 mmole) of N4N-(t*butoxyc^rbonyl)-3-(4-thiazolyl)"DL*alanyl]-cyclostatin-(2- 
morpholinoethyl)amide [prepared as described in Example 2(a)], to afford 90 mg of the 4.5-hydrate of the 
title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.46. 

Elemental analysis: 

Calculated for CwHeNsO/S 4.5 HzO: 

C. 58.71%; H. 7.95%; N, 9.34%; S, 3.56%. 
Found: 

C, 58.73%; H«-7.72%: N, 9.51%; S, 3.60%. 



EXAMPLE 9 
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N-(N-[(2R)-2-(1-NaphthylmethvQ^ 
(2-morpholinoethyl)amid 

Following a procedure similar to that described in Example 2(b), 76 mg (0.22 mmole) of (2R)-2-(i- 
naphthylm thyl)-3-thiomorpholinocarbonylpropionic acid (prepared as d scribed in Preparation 19) were 
reacted with 130 mg (0.22 mmole) of N-[N-(t-butoxycarbony!)-3-(4-M 

pholinoethyl)amide [prepared as described in Example 2(a)], to afford 80 mg of the 2.5-hydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.56. 

Elemental analysis: 

Calculated for C^HaNeOsS? 2.5 H2O: 

C. 59.20%; H. 7.45%; N, 9.86%; S. 7.52%. 
Found: 

C t 59.23%; H. 7.22%; N, 9.66%; S. 7.82%. 



EXAMPLE 10 

N-{N-[(2R)-2-(1-Naphthylme^ 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 2(b), 80 mg (0.26 mmole) of (2R)-2-(1- 
naphthylmethyl)-3-(1-pyrrolidinylcarbonyl)propiorric acid [prepared by a procedure similar to that described 
in Preparation 20(b)] were reacted with 180 mg (0.308 mmole) of N-{N-(t-butoxycarbonyl)-3-(4-thiazolyl)-DL- 
alanyl]-cyclostatin-(2-morpholinoethyl)amide [prepared as described In Example 2(a)], to afford 140 mg of 
the title compound as a colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.56. 

Elemental analysis: 

Calculated for C^HaNeOeS 2.5 H2O: 

C. 61.51%; H. 7.74%; N, 10.25%; S. 3.91%. 
Found: 

C, 61.42%; H. 7.39%; N. 10.29%; S. 3.75%. 



EXAMPLE 1 1 

N-fN-f(2R)-2-(1-NaphthvlmeW 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 2(b). 104 mg (0.32 mmol) of (2R)-2-(l- 
naphthylmethyl)-3-(piperidinocarbonyl)propionic acid [prepared by a procedure similar to that described in 
Preparation 21(b)] were reacted with 186 mg (0,32 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thiazo!yl)-DL- 
alanylKyclostatin-(2-morpholinoethyl)amide [prepared as described in" Example 2(a)], to afford 95 mg of the 
monohydrate of the title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.39. 

Elemental analysis: 

Calculated for CcHeoNeQeS H2O: 

C, 63.99%; H, 7.74%; N, 10.41%. 
Found: 

C. 63.85%; H. 7.78%; N, 10.68%. 



EXAMPLE 12 
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N-(N^(2R)-2-(1-Naphthylmethyl)-3-pro 
morpholinoethvQamide 

Following a procedure similar to that described in Example 2{b). 81 mg (0.27 mmole) of (2R)2-{1- 
naphthylmethyl)-3-propylcarbamoylpropionic acid [prepared by a procedure similar to that described in 
Preparation 22(b)] were reacted with 160 mg (0.27 mmole) of N^N^t-butoxycarbonylJ-a^^thiazolylhDL- 
alanyl]-cyclostatin-(2-morpholinoethyl)amide [prepared as described in Example 2(a)], to afford 100 mg of 
the hemihydrate of the title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.52. 

Elemental analysis: 

Calculated for CaiHsiNeOeS V 2 H2O: 

C. 63.79%; H, 7.70%; N f 10.89%; S, 4.15%. 
Found: 

C. 63.70%; H, 7.62%; N, 10.66%; S. 4.05%. 



EXAMPLE 13 

N-fN^(2RV2-(1»Naphthylmethyi)-3-(phenethylcarbamoyl)propionyn-3-(4-thiazolyl)*L-alanyl)*cyclostatin-(2^ 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 1(b), 100 mg (0.28 mmole) of (2R)-2-(1- 
naphthylmethyl)-3-{phenethylcarbamoyl)propionic acid [prepared by a procedure similar to that described in 
Preparation 23(b)] were reacted with 133 mg (0.23 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L- 
alany!]-cyclostatin-{2-morpholinoethyl)amide [prepared as described in Example 2(a)], to afford 133 mg 
(71%) of the title compound, as its sesquihydrate. melting at 1 10 - 1 15° C. 

Elemental analysis: 

Calculated for C^HeoNsQeS J .' 2 H2O: 

C, 64.84%; H. 7.45%: N, 9.86%; S. 3.76%. 
Found: 

C, 64.85%; H. 7.26%; N. 9.64%; S, 3.64%. 



EXAMPLE 14 

N-(N-[(2R)-3-(4-Methy M -piperazinylcarbonyl)-2-( 1 -naphthy Imethy l)propionyl]-3-(4-thiazoly t)-L- 
alanyl>-cyclostatin-(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example 2(b). 100 mg (0.294 mmole) of (2R)-3-(4- 
methyl-1-piperazinyic^nbonyl)-2-{1-naphthylmethyI)propionic acid (prepared as described in Preparation 24) 
were reacted with 190 mg (0.32 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thiazoIyl)-DL-alanyl]-cyclostatin-(2- 
morphoiinoethyOamide [prepared as described in Example 2(a)]. After completion of the reaction, the 
product was purified by silica gel thin layer chromatography, using a 10 : 1 by volume mixture of methylene 
chloride and methanol as the developing* solvent, to afford 34 mg of the dihydrate of the title compound as 
a colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.12. 

Elemental analysis: 

Calculated for C^HsiNtOsS 2 H2O: 

C f 61 .48%; H, 7.80%; N, 1 1 .67%; S. 3.82%. 
Found: 

C. 61.56%; H r 7.82%; N. 11.52%; S, 3.87%. 



EXAMPLE 15 
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N-{N-f(2R)-2-(1 «Naphthylmethyl)*3-(4-phenyi'1 -piperazinvlcaitonyl)propiony ll-3-(4-thia20lyl)-DL' 
alanyl)-cyclostatin-(2-morpholinoethyl)amide 

Following a procedur similar to that d scribed in Example 2(b), 90 mg (0.22 mmole) of (2R)2-{1- 
naphthylmethyl)-3-{4-phenyM-piperazinylcarbonyl)propionic acid (prepar d by a procedure similar to that 
described in Pr paration 24) w re r acted with 130 mg (0.22 mmol ) of N-[N-(t-butoxycarbonyI)-3-(4- 
thiazolyl)-DL-alanyl]-cyclostatin-{2-morpholinoethyl)amide [prepared as described in" Example 2(a)], to afford 
103 mg of the monohydrate of the title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.52. 

Elemental analysis: 

Calculated for CiaHsMOeS H2O: 

C. 65.21%; H. 7.41%; N, 11.09%; S, 3.63%. 
Found: 

C. 65.36%; H, 7.51%; N, 11.22%; S. 3.39%. 



EXAMPLE 16 

N-{N-[(2R)-3-(N.N-Diethylcarbamoy^ 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 2(b). 95 mg (0.3 mmole) of (2R)-3-(N t N- 
diethylcarbamoyl)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 26) were reac- 
ted with 210 mg (0.36 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-to 

pholinoethyl)amide [prepared as described in Example 2(a)], to afford 160 mg of the 2.5-hydrate of the title 
compound as a colourless amorphous substance. 
Silica gel thin layer chromatography, Rf value 0.52. 

Elemental analysis: 

Calculated for C^HaNeOS 2.5 H2O: 

C, 61.36%; H. 7.97%; N, 10.22%; S, 3.90%. 
Found: 

C, 61.45%; H, 7.79%; N, 10.10%; S, 3.88%. 



EXAMPLE 17 

N-fN^(2R)-3-(N-Benzyl-N-memyfc^ 
alanylVcyclostatin-(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example 1(b), 125 mg (0.35 mmole) of (2R)-3-(N- 
benzyl-N-methylcarbamoyl)-2-{1-naphthylmethyl)propionic acid (prepared as described in Preparation 32) 
were reacted with 200 mg (0.34 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thia2olyl)-L-alanyl]-cyclostatin-{2- 
morpho!inoethyl)amide [prepared as describedln Example 2(a)], to afford 214 g (75%) of the monohydrate 
of the title compound, melting at 82 - 8©.°C 

Elemental analysis: 
Calculated for CjehfeNeOeS H2O: 

C. 65.38%; H f 7.63%; N t 9.94%; S, 3.79%. 
Found: 

C. 65.30%; H t 7.53%; N, 9.94%; S. 3.90%. 
EXAMPLE 18 
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N-(N-[(2RV3-(N-Benzyl-N-methylca^ 
morpholinoethyQamide 

Following a procedur similar to that describ d in Example Kb). 207 mg (0.36 mmole) of N-(t- 
butoxycarbonyI)-L-phenylalanyl-cyciostatin-(2-morpholinoethyl)amide were reacted with 130 mg (0.36 
mmole) of (2R)-3-(N-benzyI-N-m thylcarbamoyl-2-(1-naphthylmethyl)propionic acid [prepared by a proce- 
dure similar to that describ d in Preparation 32(c)], to afford 57 mg of the monohydrate of the title 
compound as white crystals, melting at 89 - 94°C. 

Elemental analysis: 
Calculated for CoHoNsOs H 2 0: 

C, 70.39%; H. 7.84%; N. 8.38%. 
Found: 

C. 70.58%; H. 7.87%; N. 8.10%. 



EXAMPLE 19 

N-{N-[(2R)-3-(N-Cyclohexyl-N-m 
alanyl)-cyclostatin-(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example Kb). 122 mg (0.35 mmole) of (2R)-3-(N- 
cyclohexyl-N-methylcarbamoyl)-2-(1-naphthylmethyl) propionic acid (prepared as described in Preparation 
31) were reacted with 200 mg*(0.34 mmole) of N-[N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanyl]-cyclostatin- 
(2-morphoiinoethyl)amide [prepared as described in Example 2(a)], to afford 215 mg (77%) of the 
monohydrate of the title compound, melting at 93 - 96 °C. 

Elemental analysis: 

Calculated for C^HwNeOeS H2O: 

C. 64.72%; H. 7.97%; N, 10.06%; S. 3.84%. 
Found: 

C. 64.52%; H. 7.81%; N, 9.81%; S, 3.91%. 



EXAMPLE 20 

N-(N-[(2R)-3-(N<?yclohexy1-N-methylcafo 
morpholinoethyQamide 

Following a procedure similar to that described in Example 1(b), 50 mg (0.141 mmole) of (2R)-3-{N- 
cyclohexyl-N-methylcarbamoyl)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 
31) were reacted with 73 mg (0.135 mmole) of N-[N-(t-butoxycarbonyl)-L-leucyl]-cyclostatin-(2-mor- 
pholinoethyl)amide [prepared b a procedure similar to that described in Example 1 (a)], to afford 81 mg of 
the tri hydrate of the title compound as a colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.50. 

Elemental analysis: 

Calculated for C^HaNsOe 3 H2O: 

C. 65.11%; H f 9.11%; N. 8.44%. 
Found: 

C, 64.92%; H. 8.91%; N, 8.48%. 



EXAMPLE 21 
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N-fN-f(2R)-3-(N-Cyclohexvl-N"^ 
alanyl)<yclostatin-(2-morpholinoethyl)amide 

Following a proc dur similar to that described in Example 3(b), 100 mg (0.28 mmole) of (2R)-3-{N- 
cyclohexyl-N-methylcarbamoyl)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 
31) were reacted with 160 mg (028 mmole) of N-[N-(t-butoxycarbonyl)-3-(5-isoxa2olyl)-L-alanyl)-cycfostatin- 
(2-morpholinoethyI)amide [prepared as described in ExampL 3(a)], to afford 100 mg of the dihydrate of the 
title compound as a colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.52. 

Elemental analysis: 

Calculated for CcHwNeO? 2 H2O: 

C. 64.57%: H, 8.19%: N, 10.14%. 
Found: 

C. 64.36%: H, 7.66%: N, 10.06%. 



EXAMPLE 22 

N-fN-[(2R)-3-Morpholinocarbonyl-2-n^^ 
piperidinoethyl)amide 

22(a) N-[N-(t-ButoxycanSonyl)-3-(4-ttt 

450 mg (1.06 mmole) of N-(t-butoxycarbonyl)-cyclostatin-(2-piperidinoethyl)amide [prepared by a proce- 
dure similar to that described in Preparation 17(a)] were added to 10 ml of a 4N solution of hydrogen 
chloride in dioxane, and the mixture was stirred at room temperature for 30 minutes. At the end of this time, 
the solvent was removed by distillation under reduced pressure. The residue was dried thoroughly and then 
suspended in 20 ml of anhydrous methylene chloride. 260 mg (1 .60 mmole) of diethyl cyahophosphonate 
(95%) and 482 mg (4.77 mmole) of triethylamine were added to the suspension, whilst ice-cooling. The 
mixture was then stirred at room temperature for 3 hours, after which it was freed from the solvent by 
evaporation under reduced pressure. The residue was purified by silica gel thin layer chromatography 
(developing solvent: a 5 : 1 by volume mixture of chloroform and methanol), to afford 590 mg (96%) of the 
title compound as white crystals. 



22(b) N-(N«[(2R)-3-Morpholinocarbonyl-2-(1^ 
(2-piperidinoethyi)amide 

179 mg (0.31 mmole) of N-[N-(t-butoxycarbonyI)-3-(4-m^ 
piperidinoethyl)amide [prepared as described in Example 22(a) above] were added to 10 m! of a 4N 
solution of hydrogen chloride in dioxane. and the mixture was stirred at room temperature for 30 minutes. At 
the end of this time, the solvent was removed by distillation under reduced pressure, and the residue was 
dried thoroughly and then suspended in 10 ml of methylene chloride. 100 mg (0.31 mmole) of (2R)-3- 
morpholinocarbonyl-2-(1-naphthyimethyi)propionic acid (prepared as described in Preparation 4), 75~mg 
(0.46 mmole) of diethyl cyanophosphonate (95%) and 186 mg (1.84 mmole) of triethylamine were added to 
the resulting suspension, and the mixture was stirred at room temperature for 3 hours. At the end of this 
time, the solvent was removed by distillation under reduced pressure, and the residue was purified by silica 
gel thin layer chromatography (developing solvent: a 5 : 1 by volume mixture of chloroform and methanol), 
to afford 80 mg (31%) of the dihydrate of the title compound, melting at 78 - 87°C. 

Elemental analysis: 
Calculated for C^jHaoNsOeS 2 

C, 62.60%; H. 7.81%; N. 10.19%; S. 3.89%. 
Found: 

C, 62.44%; H, 7.62%; N, 10.13%; S, 4.06%. 
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. EXAMPLE 23 

N-fN^(2R)-3-Morpholino-2-(1-naphthylme^ 
pyrrolidinyl)ethyl]amide 

23(a) N-[N-(t-Butoxycarbonyl)-3^4-thi^ 

350 mg (0.85 mmole) of N-(t-butoxycarbonyl)-cyclostatin-t2-(1-pyrrolidinyl)ethyl]amide [prepared by a 
procedure similar to that described in Preparation 17(a)] were added to 10 ml of a 4N solution of hydrogen 
chloride in dioxane. The mixture was then stirred at room temperature for 30 minutes, after which it was 
freed from the solvent by evaporation under reduced pressure. The residue was dried thoroughly and 
suspended in 20 ml of anhydrous methylene chloride. 208 mg (1 .28 mmole) of diethyl cyanophosphonate 
(95%) and 386 mg (3.82 mmole) of triethylamine were then added to the resulting suspension, and the 
mixture was stirred at room temperature for 3 hours. At the end of this time, it was concentrated by 
evaporation under reduced pressure. The residue was purified by silica gel thin layer chromatography 
(developing solvent a 5 : 1 by volume mixture of chloroform and methanol), to afford 430 mg (90%) of the 
title compound as white crystals. 



23(b) N-fN-[(2R)-3-Morpholinocarbonyl-2-(1-naph 
[2-(1«pyrrolidinyl)ethyl]amide 

175 mg (0.31 mmole) of N-[N^t-butoxyc^rt3onyl)-3-(4-thiazolyl^ 
ethyl]amide [prepared as described in Example 23(a) above] were added to 10 ml of a 4N solution of 
hydrogen chloride in dioxane, and the mixture was stirred at room temperature for 30 minutes. At the end of 
this time, the solvent was distilled off under reduced pressure, and the resulting residue was dried 
thoroughly and suspended in 10 ml of methylene chloride. 100 mg (0.31 mmole) of (2R)-3- 
morphoIinocarbonyl-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 4) were 
added to the suspension, after which 75 mg (0.46 mmole) of diethyl cyanophosphonate (95%) and 186 mg 
(1.84 mmole) of triethylamine were added, whilst ice-cooling. The mixture was then stirred at room 
temperature for 3 hours, after which it was freed from the solvent by evaporation under reduced pressure. 
The residue was purified by siiica gel thin layer chromatography (developing solvent: a 5 : 1 by volume 
mixture of chloroform and methanol), to afford 60 mg (23%) of the tetrahydrate of the title compound, 
melting at 86 - 93*C. 

Elemental analysis: 

Calculated for C^rfeNeOeS -4 HaO: 

C, 59.50%; H ( 7.85%; N, 9.92%; S, 3.79%. 
Found: 

C. 59.21%; H, 7.55%; N, 9.68%; S, 4.00%. 



EXAMPLE 24 

N-{N-[(2RV3-Morpholinocarbonyl-2K1-naph^ 
morpholinopropyl)amide 

24(a) N-[N-(t-Butoxycajfronyl)-3-(4-thi^ 

1.97 ml (10.85 mmole) of diethyl cyanophosphonate (95%) and 2.76 ml (19.89 mmole) of triethylamine 
were added to a solution of 2.71 g (9.94 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-OL-alanine and 2.64 
g (9.94 mmole) of methyl cyclostatinate hydrochloride dissolved in 50 ml of anhydrous tetrahydrofuran, 
whilst ice-cooling. The mixture was then stirred at room temperature for 3 hours, after which it was freed 
from the solvent by evaporation under reduced pressure. The residue was purified by silica gel thin layer 
chromatography (developing solvent a 30 : 1 by volume mixture of methylene chloride and methanol), to 
afford 3.76 g of methyl N^-(t-butoxycarbonyl)-3-(4-thiazoly0 as a white powder. 

3.5 g (7.24 mmole) of this methyl N-[N^t-butoxycari3onyl)-3-(4-thiazolyl)-DL-aJanyl]-cyclostati were 
dissolved in 10 ml of m thanol. and 7.96 ml (7.96 mmole) of a 1N aqueous solution of sodium hydroxide 
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w r added to the resulting solution, whilst ice-cooling. Trie mixture was then stirred at room temperature 
for 30 minutes, after which it was neutralized by the addition of 7.96 ml (7.96 mmole) of 1N aqueous 
hydrochloric acid, and then the solvent was remov d by distillation. The residue was dissolved in a IN 
aqueous solution of sodium hydroxide, and the resulting solution was washed with diethyl- ether. The 
aqueous layer was separated, acidified by adding 6N aqueous hydrochloric acid and then extracted with 
ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride, dried 
over anhydrous sodium sulphate and concentrated by evaporation under reduced pressure. Hexane was 
added to the residue, to afford 3.18 g of N-[N-(t-butoxycart5onyl)-3.(4-miazdiyi)-DL-alanyl]-cyclostatin as 
white crystals. 

300 mg (0.64 mmole) of this N-[N-<t-butoxycarbonyl^ and 133 mg 

(0.96 mmole) of N-(3-aminopropyl)morpholine were dissolved in 5 ml of methylene chloride. 0.17 g (0 96 
mmole) of diethyl cyanophosphonate (95%) and 0.13 ml (0.96 mmole) of triethylamine were added to the 
solution, whilst ice-cooling. The mixture was then stirred at room temperature for 18 hours, after which it 
was freed from the solvent by evaporation under reduced pressure. The residue was purified by silica gel 
thin layer chromatography (developing solvent: a 10 : 1 by volume mixture of methylene chloride and 
methanol), to afford 320 mg of the title compound as a white powder. 



24 (W N-fN-f(2R)-3-MoTOholinocarb ony^ 

(3-morpholinopropyl)amide 

Following a procedure similar to that described in Example 2(b). 145 mg (0.24 mmole) of N-[N-(t- 
butoxycarbonyl)-3-(4-thiazolylhOL-alanylJ-cyciostatin-(3-morpholinopropyl)amide [prepared as describee 7 in 
Example 24(a)] were reacted with 80 mg (0.24 mmole) of (2R)-3-morpholinocarbonyl-2-(1-naphthylmethyl)- 
propionic acid (prepared as described in Preparation 4), to afford 140 mg of the monohydrate of the title 
compound as white crystals, melting at 94 - 98° C. 

Elemental analysis: 
Calculated for C^HeoNeCbS H2O; 

C. 62.75%; H, 7.59%; N. 10.21%; S, 3.90%. 
Found: 

C, 62.73%; H, 7.56%; N, 10.04%; S, 3.61%. 



EXAMPLE 25 

N-fN-f(2R)-3-Morpholinoc a^^ 

oxo-1-pyrrolidinyl)propvl]amide — 

25 < a > N-[N-(t-Butoxycail3onvl)^^ 

Following a procedure similar to that described in Example 3(a). 1.0 g (2.3 mmole) of N-(t-butoxycar- 
bonyl)-cyclostatin-[3-(2-oxr>l-pyrrondinyl)propylJamide [prepared by a procedure similar to that described in 
Preparation 17(a)] was reacted with 0.63 g (2.3 mmole) of N-(t-butoxycarbonyl)-3-(4-thia20lylhL-alanine, to 
afford 1 .08 g of the title compound as an oil. 

25 < b > N-W(2R)-3-Morpholino( ^onyl-2^ 

[3-(2-oxo-1-pyrrolidinyl)propyl1amide 

Following a procedure similar to that described in Example 1(b), 207 mg (0.35 mmole) of N-[N-(t- 
butoxycarbonylh3-(4-thiazolyl)-L-alanyl]-cyclostatin-[3-(2-oxoM-pyiTolidi [prepared as "de- 

senbed in Example 25(a) above] were reacted with 115 mg (0.35 mmole) of (2R)-3-morpholinocarbonyl-2-(1- 
naphthylmethyl)propionic acid (prepared as described in Preparation 4).- to affoTd 207 mg of the dihydrate of' 
the title compound as a white powder. 

Silica gel thin layer chromatography. Rf value 0.53. 

Elemental analysis: 
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Calculated for C^Hs-NeOrS 2 H2O: 

C, 61.55%; H, 7.45%; N, 10.02%; S. 3.82%. 
Found: 

C. 61.74%; H, 7.43%; N, 9.77%; S, 3.97%. 



EXAMPLE 26 

N-[N-[(2R)-3-MorpholinocaitK3nyl-2-(1-naph^ 
ethyl-2-pyrrolidinyl)methyl]amide 

Following a procedure similar to that described in Example 2(b). 141 mg (0.24 mmole) of N-(t- 
butoxycarbonyl)-3-(4-thtazolyl)-DL-aiany [prepared from 2- 

aminomethyl-1-ethylpyrrolidine instead of N-(3-aminopropyl)morpholine according to the procedure of 
Example 24(a)], were reacted with 80 mg (0.24 mmole) of (2R)-3-morpholinocarbonyl-2-(1-naphthylmethyl)- 
propionic add (prepared as described in Preparation 4), to afford 28 mg of the sesquihydrate of the title 
compound as white crystals, melting at 85 - 89°C. 

Elemental analysis: 

Calculated for CoHesNsOsS -1.5 H2O: 

C. 63.29%; H, 7.78%; N, 10.30%; S. 3.93%. 
Found: 

C, 63.50%; H f 7.58%; N f 10.07%; S. 3.70%. 



EXAMPLE 27 

N-fN-[(2RV3-Morpholinocarbonyl-2-(1^a 
pyridylmethyQamide 

230 mg (0.50 mmole) of N-[(2R)-3-morpholino(*i±>onyl-2^^ 
alanine (prepared by a procedure similar to that described in Preparation 51) and 187 mg (0.50 mmole) of 
cyclostatin-(2-pyridy!methyl)amide dihydrochloride were suspended in 10 m! of anhydrous methylene 
chloride. 123 mg (0.75 mmole) of diethyl cyanophosphonate (95%) and 230 mg (2.3 mmole) of 
triethyiamine were then added to the resulting suspension, whilst ice-cooling, and the mixture was stirred at 
room temperature for 3 hours. It was then freed from the solvent by evaporation under reduced pressure. 
The residue was purified by silica gel thin layer chromatography (developing solvent: a 10 : 1 by volume 
mixture of chloroform and methanol), to afford 61 mg of the dihydrate of the title compound as a white 
powder, melting at 78 • 86°C. 

Elemental analysis: 

Calculated for C^HsNeOsS 2 H2O: 

C, 62.67%: H, 8.13%; N ( 10.44%: S, 3.98%. 
Found: 

C, 62.64%; H t 7.87%; N. 10.70%; S, 4.20%. 



EXAMPLE 28 

N-(N-r(2R)-3-Morpholinocarbonyl-2-(^ 
methyl- 1 -piperazinyi)ethyl]amide 

230 mg (0.50 mmole) of N-[(2Fp-3-moiphoiinocarbonyl-2-(1-naphthy^ 
alanine (prepared by a procedure similar to that described in Preparation 51) and 223 mg (0.50 mmole) of 
cyclostatin-[2-(4-methyl-1-piperazinyl)ethyl]amide trihydrochloride (prepared by a procedure similar to that 
describ d in Exampi 103) were suspended in 10 ml of anhydrous methylene chloride. 123 mg (0.75 
mmole) of diethyl cyanophosphonate (95%) and 300 mg (3.0 mmole) of triethyiamine wer added to the 
suspension, whilst ice-cooling. The mixture was then stirred at room temperature for 3 hours, after which it 
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was freed from th solvent by evaporation under reduced pressure. The residue was purifi d by silica gel 
thin layer chromatography (dev loping solvent: a 5 : 1 by volume mixture of chloroform and methanol), to 
afford 50 mg of th trihydrate of the title compound as a white powder, m Iting at 80 • 88°C. 

Elemental analysis: 

Calculated for CoHeiNrOeS 3 H2O: 

C, 60.19%; H. 7.86%: N. 11.43%; S. 3.74%. 
Found: 

C, 60.02%: H. 7.53%: N, 11.16%: S. 4.00%. 



EXAMPLE 29 

N-(N-[(2R)-3-Morpholinocart3onyl^ 
methylbutyl]amide 

29(a) N-(t-ButoxYcarbonylKyclostatin-[(S)-2-methylbutyl1amide 

Following a procedure similar to that described in Preparation 17, 0.33 g (3.81 mmole) of (S)-2- 
methylbutylamine (instead of 2-morpholinoethylamine) were reacted with 1.00 g (3.17 mmole) of N-(t- 
butoxycarbonyl)cyclostatin. to afford 1.13 g (93%) of the title compound as a white powder. 



29(b) N-{N-f(2R)-3-Morpholinocarbonyl^ 
(S)-2-methylbutyl1amide 

Following a procedure similar to that described in Example 1(a), 0.50 g (1.30 mmole) of N-(t- 
butoxycarbonyl)-cyclostatin-[(S)-2-methylbutyl]amide [prepared as described in Example 29(a)] were reac- 
ted with 354 mg (1.30 mmoleTof N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanine, and the product was worked- 
up according to Example l(b) t to give 211 mg (61%) of the monohydrate of the title compound as a white 
powder. 

Silica gel thin layer chromatography. Rf value 0.63. 

Elemental analysis: 
Calculated for C^HsyNsOeS H 2 0: 

C, 64.29%; H. 7.76%; N. 9.14%; S. 4.19%. 
Found: 

C. 63.99%; H. 7.56%; N, 9.20%; S, 4.01%. 



EXAMPLE 30 

N-fN-[(2Rh3-Morpholinocarbony^ 
methylbutyllamide 

Following a procedure similar to that described in Example 1(a). 330 mg (1.3 mmole) of N-(t- 
butoxycarbonyl)-3-(5-isoxazoiy!)-L-alanine [instead of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-aianine] were 
reacted with the compound prepared by cleaving the t-butoxycarbonyl group from 500 mg"(l.3 mmole) of 
N-(t-butoxycarbonyl)-cyclostatin-[(S)-2-methyibutyl]amide, and the product was worked-up according to 
Example 1(b). to give 170 mg of the 2.5-hydrate of the title compound as white crystals, melting at 68 - 
72°C. 

Elemental analysis: 
Calculated for C41H57N5O7 2.5 H2O: 
C, 63.38%; H. 8.04%; N. 9.01%. 
Found: 

C. 63.41%; H. 7.79%; N, 8.81%. 
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EXAMPLE 31 

N-fN-[(2RV3-MorpholinocartoonY^ 
hydroxymethyl-2-methylbutyl]amide 

. 31 {a) N-(t-Butoxycarbonyl)<yclostatin-((S)-1-hydroxymethyl-2-methylbutyl]amide 

Following a procedure similar to that described in Preparation 17, 446 mg (3.81 mmole) of (S)-2-amino- 
3-methylperitanol were reacted (instead of 2-morpholinoethylamine) with 1.00 g (3.17 mmole) of N-(t- 
butoxycarbonyl)cyclostatine. to afford the title compound. 

31(b) N-fN-[(2R-3-Morpholinocarbonyl-2^ 
(S)-1-hydroxymethyl-2-methylbuWI]amide 

Following a procedure similar to that described in Example 1(a), 500 mg (1.21 mmole) of N-(t- 
butoxycarbonyl)-cyclostatin-[(S)-1-hydroxymethyl-2-methylbulyl]amide [prepared as described in Example 
31(a) above] instead of cyclostatin-(2-morpholinethyl)amide were reacted with 330 mg (1.21 mmole) of N-(t- 
butoxycarbonyl)-3-(4-thiazolyl)-L-alanine, and the product was worked-up according to Example 1(b). to give 
320 mg (47%) of the monohydrate of the title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.63. 

Elemental analysis: 
Calculated for C^HsNsCfeS H2O: 

C. 63.37%; H ( 7.72%; N, 8.80%; S, 4.03%. 
Found: 

C. 63.31%; H, 7.50%; N, 8.59%; S, 4.00%. 



EXAMPLE 32 

N-{N^(2R)-3-MoipholinocailDony!-2^1-naph 
(N,N-diemylamino)ethyl]amide 

Following a procedure similar to that described in Example 2(b) f 139 mg (0.24 mmole) of N-(t- 
butoxycarbonyl)*3-(4-thia20lyl)-DL'alanyl-cyclostatin-[2*(N,N<iiethylamino)ethyl]amide [which was prepared 
by using N.N-diethylethylenediamine instead of N-(3-aminopropyl)morpholine in the procedure of Example 
24(a)] were reacted with 80 mg (0.24 mmole) of (2R)-3-morpholinocarbonyl-2-(1-naphthy!methyl)propionic 
acid (prepared as described in Preparation 4) t to afford 34 mg of the 2.5-hydrate of the title compound as 
white crystals, melting at 80 - 85° C. 

Elemental analysis: 

Calculated for CcHeoNeOeS 2.5 H 2 0: 

C. 61.36%; H, 7.97%; N, 10.22%; S, 3.90%. 
Found: 

C f 61.49%; H t 7.74%; N f 9.94%; S. 3.60%. 



EXAMPLE 33 

N-{N-[(2R)-5 t 5-Dimethyl-2-(1-naphthylm^ 
morpholinoethyl)amide 

Following a procedure similar to that described- in Example 1(b), 105 mg (0.35 mmole) *of (2R)-5,5- 
dimethyi-2-(1-naphthylmethyl)-4oxohexanoic acid [instead of (2R)-3-morpholinocarbonyl-2-(1-naphthyl- 
methyl)propionic acid] w re r act d with 170 mg of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanyl-cyclostatin- 
(2-morphoiinoethyl)amide. When the r action was considered complete, the solvent was removed by 
distillation under reduced pressure, and the residue was purified by silica gel thin layer chromatography 
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(developing solvent: a 10 : 1 by volume mixture of chloroform and methanol), to afford two main products. 
The yield of the monohydrate of the title compound (the compound having the naphthyl group in the R 
configuration), detected as the spot having the larger Rf value of the two. was 84 mg (38%), melting at 84 - 
87°C. In addition, there were obtained 82 mg (37%) of th corresponding compound in which the naphthyl 
group was in the S configuration. 

Elemental analysis: 
Calculated for C^HsNsOsS H2O: 

C t 64.67%; H, 7.88%; N. 8.98%; S. 4.1 1%. 
Found: 

C. 64.49%; H, 7.74%; N, 8.70%; S, 3.90%. 



EXAMPLE 34 

N-fN-[5-(N-Benzyl-N-methylamin^^ 
mofpholinoethyl)amide 

Following a procedure similar to that described in Example 1(b). 210 mg (0.559 mmole) of 5-{N-benzyl- 
N-methylamino)-2-(1-naphthylmethyl)-4-oxopentanoic acid (prepared as described in Preparation 30) were 
reacted with 300 mg (0.555 mmole) of N-{t-butoxycarbonyl)-L-leucyl-cyclostatin-(2-morphofinoethyl)amide 
[prepared by a procedure similar to that described in Example 2(a)], to afford 141 mg of the tetrahydrate of 
the title compound as a pale brown amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.47. 

Elemental analysis: 

Calculated for C^NsOe 4 H2O: 

C. 64.88%; H, 8.69%; N, 8.05%. 
Found: 

C. 65.14%; H. 8.59%; N. 8.02%. 



EXAMPLE 35 

N-{N^5-(N-Benzyl-N-methyl^ 
alanyl>-cyclostatin-(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example 1(b), 130 mg (0.346 mmole) of 5-(N-benzyl- 
N-methylamino)-2-(1-naphthylmethyl)-4-oxopentanoic acid (prepared as described in Preparation 30) were 
reacted with 200 mg (0.344 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanyl-cyciostatin-(2-mor. 
pholinoethyljamide, to afford 26 mg of the trihydrate of the title compound as a pale brown amorphous 
substance. 

Silica gel thin layer chromatography, Rf value 0.42. 

Elemental analysis: 

Calculated for C^HaNeCfeS 3 H 2 0: 

C, 63.20%: H. 7.67%; N, 9.41%; S, 3.59%. 
Found: 

C ( 63,36%; H, 7.55%; N, 9.31%; S, 3.23%. 



EXAMPLE 36 

N-fN-f(2R)-5-Morph6linocarbonyl-2^ 
morpholinoethyQamide 
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36(a) 5-Morpholinocarbonyl-2-(1*naphthylmethyl)pentanoic acid 

7.96 g (0.18 mmole) of sodium hydride (as a 55% w-w dispersion in mineral oil) were added, whilst ice- 
cooling, to a solution of 26.4 g (0;15 mmol ) of dimethyl adipate and 23.7 g (0.15 mmole) of 1- 

5 naphthaldehyd dissolved in 200 ml of anhydrous methanol, and the mixtur was heated under reflux for 30 
minutes. At the end of this time. 150 ml (0.15 mole) of a 1N aqueous solution of sodium hydroxid were 
added to the solution,, and the mixtur was heated under reflux for 1 hour. The solvent was then removed * 
by distillation under reduced pressure, and the residue was mixed with water and then washed with diethyl 
ether. The aqueous layer was acidified and extracted with diethyl ether. The ethereal extract was washed 

io with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulphate. The 
solvent was removed by distillation under reduced pressure, and the residue was triturated with diisopropyl 
ether to precipitate crystals, which were collected by filtration to afford 14.2 g of 2-(1 -naphthylidene)adipic 
acid. 

100 ml of acetic anhydride were added to 10 g (35 mmole) of 2-(1-naphthylidene)adipic acid (prepared T 

is as described above) and the mixture was stirred at 60° C for 1 hour. At the end of this time, the solvent was 
removed by distillation under reduced pressure, and the resulting residue was triturated with a 1 : 1 by 
volume mixture of benzene and hexane. The solvent was decantated to afford 8.8 g of 2-(1-naphthyiidene)- * 
adipic anhydride as an oily material. 

To a solution of 4.4 g (16.5 mmole) of 2-(1-naphthylidene)adipic anhydride (prepared as described 

20 above) dissolved in 80 ml of methylene chloride were added 1.58 ml (18.2 mmole) of morpholine, and the 
mixture was stirred at room temperature for 14 hours. At the end of this time, the reaction mixture was 
washed, in turn, with a 5% w/v aqueous solution of citric acid and with a saturated aqueous solution of 
sodium chloride and dried over anhydrous sodium sulphate. The mixture was then freed from the solvent by 
evaporation under reduced pressure, and the residue was purified by silica gel column chromatography 

25 (eluent: a 30 : 1 by volume mixture of methylene chloride and methanol), to afford 1.12 g of 5- 
morpholinocarbonyl-2-(1 -naphthyiidene)pentanoic acid. 

350 mg (0.99 mmole) of 5-morpholinocarbonyl-2-(1-naphthylidene)pentanoic acid (prepared as de- 
scribed above) were dissolved in 10 ml of methanol and hydrogenated in the presence of hydrogen under 
atmospheric pressure and in the presence of 100 mg of a 10% ww palladium-on-carbon catalyst. The 

30 catalyst was removed by filtration, and the filtrate was concentrated by evaporation under reduced pressure, 
to afford 305 mg of the monohydrate of the title compound as a white powder. 

Mass Spectrum m/e: 355. 

3$ Elemental analysis: 

Calculated for CaHsNO* H 2 0: 

C, 67.54%; H, 7.29%; N, 3.75%. 
Found: 

C. 67.88%: H, 7.03%; N. 3.61%. 

40 

36(b)* N-{N-[(2R)-5-Mon3holinocarbonyl-2^1-n^ 
(2-morpholinoethyl)amide 

45 Following a procedure similar to that described in Example 3(a), 275 mg (0.77 mmole) of 5- 

morpholinocarbonyl-2-(1-naphthylmethyl)pentanoic acid (prepared by a procedure similar to that described ? 
in Preparation 28) pnstead of (2R)-3-morpholinocarbonyl-2-(1-naphthyl methyl)propionic acid] were reacted 
with the compound prepared by cleavage of the t-butoxycarbonyl group from 360 mg (0.77 mmole) of N-[N- 
(t-butoxycart3onyl)-3-(4-thiazolyl)-L-alanyl]-cyclostatin-(2-morpholinoeth^ The thin layer chromatog- * 

so ram of the products showed two main spots. The title compound was detected as the lower spot on the 
chromatogram and was purified by silica gel thin layer chromatography (developing solvent an 8 : 1 by 
volume mixture of methylene chloride and methanol), to afford 80 mg of the 3.5-hydrate of the title 
compound as white crystals, melting at 101 - 105°C. 
Silica gel thin layer chromatography. Rf value 0.54. 

55 [a] 27 - .21.90 ( C = o.3, methanol). 

El m ntal analysis: 
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Calculated for C^HcN^S 3.5 

C. 59.91%: H t 7.88%; N, 9.53%; S. 3.63%. 
Found: 

C. 60.06%: H, 7.79%: N, 9.45%; S. 3.59%. 



EXAMPLE 37 

N-fN-f(2R)-3^Benzylcarbamovl)-2-(1-naphthylmethyl)propionyn-3-(4-th 
morpholinoethyi)amide 

Following a procedure similar to that described in Example 2(b), -100 mg (0-32 mmole) of (2R)-3* 
(benzylcarbamoyl)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 27) were 
reacted with 180 mg (0.32 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-OL-alanyl-cyclostatin-(2-mor- 
pho(inoethyl)amide [prepared as described in Example 2(a)]. to afford 77 mg of the sesquihydrate of the 
title compound as a colourless amorphous substance. 

Silica gel thin layer chromatography. Rf value 0.50. 

Elemental analysis: 

Calcualted for C^HaNeOeS 1.5 HzO: 

C, 64.49%; H, 7.34%; N, 10.03%; S. 3.83%. 
Found: 

C. 64.43%; H. 7.03%; N, 9.82%; S. 3.82%. 



EXAMPLE 38 

N-{N-[(2RH-Moir>holinocarbo^ 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 1(a). 249 mg (0.73 mmole) of 4- 
morpholinocarbonyl-2-(1-naphthylmethyl)butyric acid (prepared as described in Preparation 28) [instead of 
(2R)-3-morpholinocarbonyl-2-(1-naphthylmethyl)propionic acid] were reacted with 384 mg (0.66 mmole) of 
N-(t-butoxycarbonyf)-3^4-miazolyl^ The thin layer chromatog- 

ram of the products showed two main spots. The compound detected as the lower spot on the 
chromatogram was purified by silica gel thin layer chromatography (developing solvent: an 8 : 1 by volume 
mixture of methylene chloride and methanol), to afford 110 mg of the monohydrate of the title compound as 
white crystals, melting at 87 - 90°C. 

Silica gel thin layer chromatography. Rf value 0.58. 

[ a ] 25 = .24.4° (c a o.5. methanol). 

Elemental analysis: 

Calculated for C^HaNeOrS HzO: 

C. 62.73%; H, 7.59%; N, 10.21%; S. 3.89%. 
Found: 

C. 62.95%; H. 7.76%; N, 9.90%: S. 4.10%. 



EXAMPLE 39 

N-fN-[(2R)-3-(N-Benzvl-N^ethylcart 
alanylVcyclostatin«(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example 3(b), 100 mg (0.28 mmole) of (2R)-3-(N- 
ben2yl-N-methylcarbamoy^)-2-(1-naphthylmethyl)propionic acid (prepared as described in Preparation 32) 
w re reacted with 160 mg (0.28 mmole) of N-[N-(t-butoxycarbonyl)-3-(5-isoxa20lyl)-L-alanyl]-cyclostatin-(2- 
morpholinoethyl)amide. to afford 56 mg of the dihydrate of the title compound as a~colourless amorphous 
substance. 
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Silica g I thin layer chromatography. Rf value 0.41 . 

El m ntal analysis: * 
Calculated for GsHgcNsOt 2 H 2 0: 

C, 65.38%; H f 7.63%; N. 9.95%. 
Found: 

C. 65.40%; H. 7.38%; N, 9.94%. 



EXAMPLE 40 

N-fN-fN-Morpholinoacetyl-(1<te^ 
amide 

40(a) N-fN-[N-(t-Butoxycarbonyl)-3-(1-naph^ 
pholinoethyl)amide 

The t-butoxycarbonyl group was removed from 254 mg (0.44 mmole) of N-[N-t-butoxycarbonyl-3-(4- 
thiazolyl)-DL-aIanyl]-cyclostatin-2-(morpho(inoethyl)amide [prepared as described in Example 2(a)] using a 
4N solution of hydrogen chloride in dioxane. The product was then suspended, together with 165 mg (0.52 
mmole) of N-(t-butoxycarbonyl)-3-(1-naphthylmethy!)-L-alanine ( in 10 ml of anhydrous tetrahydrofuran. and 
0.08 ml (0.53 mmole) of diethyl cyanophosphonate (95%) and 0.27 ml (1.94 mmole) of triethylamine were 
added to the suspension under an atmosphere of nitrogen, whilst ice-cooling. The mixture was agitated at 
room temperature overnight after which the solvent was removed by distillation under reduced pressure, 
and the residue was purified by silica gel thin layer chromatography (developing solvent: a 7 : 1 by volume 
mixture of chloroform and methanol), to afford 303 mg (87%) of the dihydrate of the title compound as 
white crystals, melting at 113 - 116°C. 

Elemental analysis: 

Calculated for C^HsaNeOS 2 H 2 0: 

C. 60.42%; H. 7.67%; N. 10.31%; S. 3.93%. Found: 

C. 60.60%; H, 7.43%; N. 10.09%; S. 3.97%. 



40(b) N-{N-[N-MomholinoaceWl-3-(1-naphthyl)-^ 
pholinoethyl)amide 

The t-butoxycarbonyl group was removed from 262 mg (0.34 mmole) of N-{N-[N-(t-butoxycarbonyl)-3- 
(1»naphthyl)-L-alanyl]-3-(4-thiazoiyl)-DL*alanyl)-cyclostatin*(2-morpholinoethyl)amide [prepared as described 
in Example 40(a)] using a 4N solution of hydrogen chloride in dioxane. The product, together with 59 mg 
(0.40 mmole) of 1-morpholinoacetic acid, was suspended in 5 ml of anhydrous tetrahydrofuran. and 0.06 ml 
(0.40 mmole) of diethyl cyanophosphonate (95%) and 0.21 ml (1.51 mmole) of triethylamine were added to 
the suspension, whilst ice-cooling in an atmosphere of nitrogen. The mixture was agitated at room 
temperature overnight, and then the solvent was removed by distillation under reduced pressure. The 
residue was purified by silica gel thin layer chromatography (developing solvent: a 7 : 1 by volume mixture 
of chloroform and methanol), to afford 230 mg (85%) of the dihydrate of the title compound as white 
crystals, melting at 98 - 99°C. 

Elemental analysis: 

Calculated for C^HsWOS 2 H 2 0: 

C, 59.90%; H. 7.54%; N, 11.64%; S. 3.81%. 
Found: 

C, 59.69%; H, 7.61 %; N, 1 1 .50%; S. 3.74%. 



EXAMPLE 41 
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N-MN-(3-Morpholinopropio^ 
morpholinoethyQarnide 

Following a procedure similar to that described in Exampl 40(b). 200 mg (0.26 mmole) of N-{N-{N-(t- 
5 butoxycarbonyl)-3-(1-naphthylK^ 

[prepared as described in Example 40(a)] and 57 mg (0.29 mmole) of 3-morpholinopropionic acid 
hydrochloride were reacted, to afford 130 mg of the monohydrate of the title compound as a white powder. 
Silica gel thin layer chromatography. Rf value 0.21. 

70 Elemental analysis: 

Calculated for C^eityO/S HK): 

C, 61.63%; H, 7.58%; N, 11.70%; S. 3.82%. 
Found: 

C. 61.65%; H, 7.59%; N, 11.64%; S. 3.68%. 

15 

EXAMPLE 42 

N-{N^N-(4-Morpholinobutyryl)-3-(1^ 
20 morpholinoethyl)amide 

Following a procedure similar to that described in Example 40(b), 200 mg (0.26 mmole) of N-{N-[N-(t- 
butoxycarbonyl)-3-(1-naphthyl)-L-alanyl>3-(4-ta^ 

[prepared as described in Example 40(a)] and 61 mg (0.29 mmole) of 4-morpholinobutyric acid were 
25 reacted, to afford 100 mg of the 1.5-hydrate of the title compound as a white power. 
Silica gel thin layer chromatography, Rf value 0.27. 

Elemental analysis: 
Calculated for C«H©N 7 07S *! 2 H2O: 
3d C, 61.37%; H. 7.73%; N, 11.39%; S. 3.72%. 
Found: 

C, 61.19%; H, 7.65%; N, 11.22%; S, 3.60%. 



35 EXAMPLE 43 

N-fN-[N-Morpholinoacetyl-3-(1-n^ 
amide 

40 A procedure similar to that described in Example 2(a) was repeated, except that we employed 324 mg 
(0.79 mmole) of N-t-butoxycarbonyl-cyclostatin-2-(1-pyrrolidinylethyl)amide, instead of the N-t- 
butoxycarbonyl-cyclostatin-(2-morpholinoethyl)amide, and 215 mg (0.79 mmole) of N-(t-butoxycarbonylH4- 
thiazolyl)-DL-alanine. The product was then reacted in a manner similar to that described in Example 40(a) 
and (b). to afford 54 mg of the octahydrate of the title compound, melting at 75 - 83°C. 

45 

Elemental analysis: 

Calculated for CcHsNtObS B H2O: 

C. 54.00%; H, 8.08%; N, 10.50%; S, 3.43%. 
Found: 

so C, 53.73%; H, 7.95%; N, 10.40%; S. 3.53%. 



EXAMPLE 44 

55 
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N-{N-fN-(2.6-Dimethylmorpholinoacety^^^ 
morpholinoethyl)amide 

Following a procedure similar to that described in Example 40(b). 270 mg (0.35 mmole) of N-{N-[N-(t- 
butoxycanbonylh3-(1-naphthyi)-L-alanyl]-3-(4-M 

[prepared as described in Example 40(a)] and 69 mg (0.4 mmole) of 2,6-dimethylmorpho!inoacetic acid 
were reacted, to afford 90 mg of the sesquihydrate of the title compound as an amorphous substance. 
. Silica gel thin layer chromatography, Rf value 0.33. 

Elemental analysis: 

Calculated for C^HqNtO/S i.5 H 2 0: 

C. 61 .37%; H, 7.73%; N, 1 1 .39%; S, 3.72%. 
Found: 

C. 61.11%; H, 7.43%; N, 11.33%; S. 3.89%. 



EXAMPLE 45 

N-{N-fN-t-Butoxycartx)nylprolyl-3^1-naph^ 
morpholinoethyQamide 

Following a procedure similar to that described in Example 40(b). 150 mg (0.19 mmole) of N-{N-[N-(t- 
butoxycartx>nyl)-3-(l-naphthyl)-L-ala^ 

[prepared as described in Example 40(a)] and 40 mg (0.19 mmole) of N-(t-butoxycarbonyl)-L-proline were 
reacted, to afford 90 mg of the monohydrate of the title compound as an amorphous substance. 
Silica gel thin layer chromatography, Rf value 0.42. 

Elemental analysis: 
Calculated for GsHcNjOaS H2O: 

C, 61.79%; H. 7.55%; N, 10.97%; S, 3.59%. 
Found: 

C, 61.58%; H. 7.42%; N, 11.23%: S. 3.42%. 



EXAMPLE 46 

N-{N-[N-Morpholinoacetyl-3^1-naphthylK^^ 
amide 

46(a) N^N"fN-Bromoacetyl*3^1-naphthyl)-L-alanyl]*3^4-thiazolyl)-DL-alanyl>^yclostatin-(2-mor- 
pholinoethyQamide 

5 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 350 mg (0.45 
mmole) of N-{N-[N-(t^utoxycail3onyl)-3-0^ 

pholinoethyl)amide [prepared as described in Example 40(a)] in 5 ml of methanol, and the mixture was 
agitated at room temperature for 1 hour. At the end of this time, the reaction mixture was concentrated by 
distillation under reduced pressure, and the residue was suspended in 10 ml of tetrahydrofuran. 0.085 g 
(0,54 mmole) of bromoacetyl chloride and 0.165 g (1.62 mmole) of triethylamine were then added to this 
suspension, whilst ice-cooling, and the mixture was agitated for 3 hours. At the end of this time, the solvent 
was removed by distillation under reduced pressure, and the residue was purified by silica gel thin layer 
chromatography (developing solvent: a 9 : 1 by volume mixture of chloroform and methanol), to afford 122 
mg of the dihydrate of the title compound as white crystals, melting at 96 - 100°C. 

Elemental analysis: 
Calculated for CaHstNsOeSBr 2 H2O: 
C, 54.60%; H. 6.63%; N, 10.05%. 
Found: 

C, 54.83%; H, 6.36%; N, 9.89%. 
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46(b) N-fN-[N-Morpholinoacetyl-3-(1-n^ 
pholinoethyl)anr>ide 

0.026 g (0.3 mmole) of morpholine was added, whilst ice-cooling, to a suspension of 100 mg (0.12 

5 mmole) of N-{N-[N-bromoacetyl-3-(l-napM 

pholinoethyl)amide [prepared as described in step (a) above] in 5 ml of dimethylformamide, and the mixture 
was agitated at room temperature overnight. The solvent was then removed by distillation under reduced 
pressure, and the residue was purified by silica gel thin layer chromatography (developing solvent: a 9 : 1 
by volume mixture of chloroform and methanol), to afford 52 mg of the dihydrate of the title compound as 

io crystals, melting at 96 - 99 

Elemental analysis: 

Calculated for CcHg^O/S 2 HzO: 

C. 59.90%; H, 7.54%; N, 11.64%; S. 3.81%. 
is Found: 

C, 59.69%; H, 7.61%; N, 11.50%; S. 3.74%. 



EXAMPLE 47 

20 

N-{N-fN-MorpholinoaceWI-3-(1-naph^ 
amide 

47(a) N-[N-(t-Butoxycarbony[)-3-(5-isox^ 

25 

5 ml of a 4N solution of hydrogen chloride in dioxane were added, whilst ice-cooling, to a solution of 
0.125 g (0.29 mmole) of N-(t-butoxycarbonyl)-cyclostatin-(2"morpholtnoethyl)amide [prepared as described 
in Preparation 17(a)] in 5 ml of dioxane, and the mixture was agitated at room temperature for 2 hours. At 
the end of this time, the reaction mixture was evaporated to dryness under reduced pressure, and a solution 

30 of 89 mg (0.348 mmole) of N-(t-butoxycarbonyl)-(5-isoxa2olyl)-L-alanine (prepared as described in Prepara- 
tion 8) in 15 ml of dimethylformamide was added to the residue. 0.13 g (1.276 mmole) of triethylamine and 
57 mg (0.348 mmole) of diethyl cyanophosphonate (95%) were then added to the mixture, which was then 
allowed to react at room temperature for 21 hours. At the end of this time, the solvent was removed by 
distillation under reduced pressure, and water was added to the residue. The mixture was then extracted 

35 with methylene chloride, the extract was dried, and the solvent was removed by distillation under reduced 
pressure. The residue was purified by silica gel column chromatography (eluent: a 1 : 49 by volume mixture 
of methanol and methylene chloride), to afford 85 mg (51.8%) of the title compound as an oily substance. 



47(b) N-{N-[N~(t-Butoxycarbonyl)-3-(1-naphm 
pholinoethyl)amide 

5 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 0.2 g (0.35 mmole) of 
N-[N-(t-butoxycaifconyl)-3-<5-isox^ [prepared as de- 

45 scribed in step (a) above] in 5 ml of methanol, and the mixture was agitated at room temperature for 1 hour. 
At the end of this time, methanol and dioxane were removed by distillation to dryness under reduced 
pressure, and the residue was suspended in anhydrous tetrahydrofuran. 0.11 g (0.35 mmole) of N-(t- 
butoxycarbonyl)-3-(1-naphmyl)-L-alanine, 0.14 g (1.4 mmole) of triethylamine and 69 mg (0.42 mmole) of 
diethyl cyanophosphonate (95%) were added to this suspension, whilst ice-cooling, and the mixture was 

so agitated at the temperature of ice-cooling for 0.5 hours and then at room temperature for 39 hours. At the 
end of this time, the solvent was removed by distillation under reduced pressure. The residue was purified 
by silica gel thin layer chromatography (developing solvent: a 1 : 9 by volume mixture of methanol and 
methylene chloride), to afford 0.19 g (70.4%) of the 2.5-hydrate of the title compound as a colourless 
amorphous substance. 

55 

Elemental analysis: 
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Calculated for C^HssNeOa 2.5 H 2 0: 

C. 60.95%; H, 7.86%; N f 10.40%. 
Found: 

C. 60.76%; H. 7.67%; N, 10 36%. 
s " 

47(c) N-fN-[N-Moir>holinoacetyl-3-(1^ 
pholinoethyQamide 

w 2 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 90 mg (0.118 
mmole). of N-{N-[N-(t-butoxycarbonyl)-3-(1 -naphthy!)-L-alany!]-3-(5-isoxazolyl)-L-alanyl}-cyclostatin-(2-mor- 
pholinoethyl)amide in 2 ml of methanol, and the mixture was agitated at room temperature for 1 hour. The 
reaction mixture was then suspended in 15 ml of anhydrous tetrahydrofuran, and 17 mg (0.1 18 mole) of 1- 
morpholinoacetic acid, 48 mg (0.472 mmole) of triethylamine and 23 mg (0.142 mmole) of diethyl 

is cyanophosphonate (95%) were added to the resulting suspension, whilst ice-cooling. The mixture was then 
agitated at the temperature of ice-cooling for 0.5 hours and then at room temperature for a further 14 hours. 
At the end of this time, the solvent was removed by distillation under reduced pressure, and the residue 
was purified by silica gel thin layer chromatography (developing solvent: a 1 : 9 by volume mixture of 
methanol and methylene chloride), to afford 33 mg (33.8%) of the dihydrate of the title compound as a 

20 pale-yellow powder, melting at 75 - 77°C. 

Elemental analysis: 

Calculated for C^HsNtOs 2 H2O: 

C, 61.07%; H, 7.69%; N, 11.87%. 
25 Found: 

C, 61.16%; H. 7.47%; N. 11.96%. 



EXAMPLE 48 

30 

N-fN-[N-(4~phenyH-piperazinylacetylW 
morpholinoethyl)amide 

48(a) N^N-(t-Butoxycarbonyl)-3-(4-thia2olyl)-DL-alanyl1-cyclostatin-(2-morpholinc^thyl)amide 

35 

3 g of cyclostatin-(2-morphoiinoethyl)amide dihydrochloride, 2.04 g of N-{t-butoxycarbonyl)-(4-thiazolyi)- 
DL-alanine and 4.2 ml of triethylamine were added to 50 ml of dimethylformamide. and then 1.34 g of 
diethyl cyanophosphonate (90%) was added dropwise to the mixture, whilst ice-cooling. The reaction 
. mixture was agitated for 6 hours, and then allowed to stand overnight It was then evaporated to dryness 

40 under reduced pressure. The residue was dissolved in methylene chloride, and the resulting solution was 
washed with a saturated aqueous solution of sodium bicarbonate and with a saturated aqueous solution of 
sodium chloride, in that order, and dried over anhydrous magnesium sulphate. The solvent was then 
removed by distillation under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy (eluent a 1 : 19 by volume mixture of methanol and methylene chloride), to afford 2.80 g of the title 

45 compound as a white crystalline substance, melting at 72 - 75 °C. 



48(b) N-{N-[N-(4-phenyl-1-piperazinylacetyl)-3-(1-n^ 
morpholinoethyQamide 

50 

279 mg of N-[N-<t-butoxycaitonyl).3K4-tH and 2 

ml of a 4N solution of hydrogen chloride in dioxane were added to 2 ml of methanol, and the mixture was 
agitated at room temperature for 1 hour. At the end of this time, it was concentrated by evaporation under 
reduced pressure. The residue was dissolved in 5 ml of dimethylformamide, and 200 mg of N-(4-phenyM- 
55 piperazinylacetyl)-3-(1-naphthyl)-j = -alanine (prepared as described in Preparation 34), - 0.33 ml of 
triethylamine and 100 mg of diethyl cyanophosphonate (90%) were added thereto, whilst ice-cooling. The 
mixture was then agitated for 4 hours, after which it was concentrated by evaporation und r reduced 
pressure, and the residue Was purified by silica gel column chromatography (eluent: a 1 : 19 by volume 
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mixture of methanol and methylene chloride), to afford 233 mg of the 2.5-hydrate of the titl compound as a 
colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.53. 

5 Elemental analysis: 

Calculated for CiaHeMOeS 2.5 HjO: 

C, 62.25; H, 7.51%; N, 12.10%; S, 3.46%. 
Found: 

C, 62.48%; H, 7.52%; N, 11,97%; S. 3.67%. 

10 

EXAMPLE 49 

N-(N-[N-Piperidinoacetyl-3-(1-na^ 
/s amide 

49(a) Methyl N-[N-bromoacetyl-3'(1-naphthyl)-L-alanyl)"3-(4-thiazolyl)-DL-alanate 

10 ml of a 4N solution of hydrogen chloride in dioxane were added to 491 mg (1.02 mmoie) of methyl 
20 N-(t-butoxycarbonyl)-3-(1-naphthyl) and the mixture was agitated at room 

temperature for 30 minutes, after which it was evaporated to dryness under reduced pressure. The residue 
was suspended in 10 ml of tetrahydrofuran, and 0.10 ml (1.21 mmole) of bromoacetyl chloride was added 
to the suspension, whilst ice-cooling. The mixture was then agitated at the temperature of ice-cooling for 1 
hour and then at room temperature for a further 1 hour. At the end of this time, the solvent was removed by 
25 distillation, and a small amount of a saturated aqueous solution of sodium chloride was added to the 
residue. The mixture was then extracted with ethyl acetate. The extract was dried, and the solvent was 
removed by distillation. The residue was purified by silica gel column chromatography (eluent: a 1 : 4 by 
volume mixture of hexane and ethyl acetate), to afford 360 mg of the title compound. 

30 

49(b) Methyl N-[N-piperidinoacetvl-3-(1-naphthyl)'L-alanyl>3"(4-thia20lyl)-DL-alanate 

3.44 mg (0.325 mmole) of sodium carbonate and 55.3 mg (0.65 mmole) of piperidine were added to a 
suspension of 300 mg (0.59 mmole) of methyl N-(N-bromoacetyl-3-(1-naphmyi)-L-alanyl]-3-(4-thia2olyl)-DL- 
35 alanate [prepared as described in step (a) abovefin 10 ml of dimethylformamide. and the mixture was 
agitated at room temperature for 10 hours. At the end of this time, the solvent was removed by distillation 
under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: a 10 : 1 
by volume mixture of chloroform and methanol), to afford 251 mg of the title compound. 

40 

4 9<C) N-fN-Piperidinoacetyl-S-d-naphthvP-L-alanyll^^thiazolyD-DL-alanine hydrazide 

295 mg (5.9 mmole) of hydrazine hydrate were added to a solution of 300 mg (0.589 mmole) of methyl 
N-[N-piperidinoa<»tyl-3-(1-naph^ [prepared as described in step (b) 

45 above] in 10 ml of dimethylformamide, and the mixture was agitated at room temperature for 16 hours. At 
the end of this time, the solvent was removed by distillation under reduced pressure, and the residue was 
crystallized by adding hexane. to afford 150 mg of the title compound. 



50 49 < d > H-fN-fN-Piperidinoacetvl-3-(l-naphthylH^ 
pholinoethyl)amide 

A solution of 150 mg of N^N-piperidinoacetyl-3-(1 -napm 
hydrazide [prepared as described in step (c) above] in 3 ml of dimethylformamide was cooled to -60°C in a 
55 dry ice-acetone bath, and then 0.248 ml of a 4N solution of hydrogen chloride in dioxane and 50 at 0.295 
mmole) of isoamyl nitrit wer add d thereto, whilst stirring. Th mixtur was then stirred for a further 20 
minutes at -20°C, aft r which 159.5 mg (1.58 mmole) of N-methylmorpholin and 118 mg (0.295 mmole) of 
cyclostatin-(2-morpholinoethyl)amide were added, and the mixture was stirred at 4°C for 16 hours. The 
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solvent was then removed by distillation under reduced pr ssure, and the residue was purified by silica gel 
thin layer chromatography (developing solvent: a 10 : 1 by volume mixture of chloroform and methanol), to 
afford 89 mg of th trihydrat of th title compound, melting at 85 - 90° C. 

s Elemental analysis: 

Calculated for C^HeMOsS 3 H 2 0: 

C. 60.26%; H, 7.74%; N, 1 1 .44%; S, 3.74%. 
Found: 

C,.60.54%. H, 7.75%; N, 1 1.69%; S, 3.59%. 

w 

EXAMPLE 50 

N-MN-Thiomorpholinoaretyl-3^ * 
is morpholinoethyQamide * 

Following a procedure similar to that described in Example 49(b). 150 mg (0295 mmole) of methyl N- ^ 
f N-bromoacety l-3-( 1 -naphthy l)-L-alany l]-3-(4-thiazoly l)-DL-alanate [prepared as described in Example 49(a)] 
and 33.5 mg (0.325 mmole) of thiomorpholine were reacted, and then subsequently subjected to the 
20 reactions described in Examples 49(c) and Example 49(d), to afford 55 mg of the monohydrate of the title 
compound as white crystals, melting at 115 - 120° C. 

Elemental analysis: 
Calculated for C<2HsN 7 06S2 HzO: 
25 C. 60.12%; H, 7.32%; N, 11.68%; S. 7.64%. 
Found: 

C. 59.89%; H. 7.34%; N, 11.45%; S. 7.26%. 



30 EXAMPLE 51 

N-fN4N-Diethylajninoacetyl-3-(1-naph 
morpholinoethyl)am?de 

35 51(a) Methyl N*bromoacetyl-3-(1-naphthyl)-L-alanate 

1,11 g (11.1 mmole) of triethylamine and 1.02 g (5.5 mmole) of bromoacetyi chloride were added to a 
mixture of 1.3 g (5 mmole) of methyl 3-(1-naphthyl)-L-alanate in 30 ml of methylene chloride whilst cooling 
and stirring, and the mixture was then stirred at room temperature for 1 hour. At the end of this time, the 
40 solvent was removed by distillation under reduced pressure, water was added to the residue, and the 
mixture was extracted with ethyl acetate. The extract was dried, the solvent was removed by distillation, and 
the residue was crystallized from a mixture of ethyl acetate and hexane, to afford 1.5 g of the title 
compound, melting at 110°C. 

45 

51(b) Methyl N.N-diethylaminc&cetvl-3^1-naphthyl)-L-alanate 

63.6 mg (0.6 mmole) of sodium carbonate and 87.8 mg (1.2 mmole) of diethyiamine were added to a 
solution of 350 mg (1 mmole) of methyl N-bromoacety l-3-(1-naphthyl)-L-alanate [prepared as described in 

so step (a) above] in 10 ml of dimethylformamide. and the mixture was agitated at room temperature for 10 
hours. At the end of this time, the solvent was removed by distillation under reduced pressure, a small 
amount of water was added to the residue, and the mixture was extracted with ethyl acetate. The extract 
was dried, the solvent was removed by distillation under reduced pressure, and the residue was purified by 
silica gel column chromatography (eluent: a 10 : 1 by volume mixture of chloroform and methanol), to afford 

55 319 mg of the title compound as an oily substance. " • , 
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51(c) N-{N-fN,N-Oiethylaminoacetyl-3-(i-naph^ 
pholinoethyl)amide 

1 ml of a IN aqueous solution of sodium hydroxide was added to a solution of 159 mg (0.465 mmole) 
5 of methyl N,N-diethylaminoacetyl-3-(1-naphthyl)-L-alanate [prepared as described in step (b) above] in 1 ml 
of methanol, and the mixture was agitated aT room temperature for 4 hours. 1 ml of 1N aqueous 
hydrochloric acid was added, and then the reaction mixture was evaporated to dryness under reduced 
pressure. The residue was dissolved in 3 ml of dimethylformamide, and 47 mg (0.465 mmole) of 
triethylamine, 224 mg (0.465 mmole) of 3-(4-thia2olyl)-DL-alanyl-cyc!ostatin-(2-morpholinoethyl)amide and 
w 75.8 mg (0.465 mmole) of diethyl cyanophosphonate (95%) were added thereto, and the reaction mixture 
was agitated at room temperature for 4 hours. At the end of this time, the solvent was removed by 
distillation* under reduced pressure, and the residue was purified by silica gel column chromatography 
(eluent a 10 : 1 by volume mixture of chloroform and methanol), to afford 95 mg of- the dihydrate of the title 
compound as white crystals. 

15 

Elemental analysis: 

Calculated for C^HsiNtOeS 2 H2O: 

C, 60.99%; H. 7.92%; N t 11.85%; S. 3.88%. 
Found: 

20 C. 61.06%; H, 7.94%; N, 1 1.94%; S. 3.87%. 

Silica gel thin layer chromatography, Rf value 0.57. 



EXAMPLE 52 

25 

N-{N-[N-(N-Benzyl-N-methylam^ 
morpholinoethypamide 

Following a procedure similar to that described in Example 51(b), 175 mg (0.5 mmole) of methyl N- 
30 bromoacetyl-3-(l-naphthyl)-L-alanate [prepared as described in Example 51(a)] and 60.1 mg {0.5 mmole) of 
N-benzyl-N-methylamine were reacted together and subsequently treated as described in Example 51(c), to 
afford 51 mg of the sesquihydrate of the title compound as white crystals, melting at 71 - 75°C. 

Elemental analysis: 
35 Calculated for CisHeiNrOeS 1.5 H2O: 

C. 63.71%; H. 7.44%; N, 11.30%; S, 3.70%. 
Found: 

C, 63.70%; H, 7.28%; N, 11.04%; S. 3.57%. 

40 

EXAMPLE 53 

N-(N-[N-(N-Cyclohexyl-N-meM 
(2-morpholinoethyl)amide 

45 

Following a procedure similar to that described in Example 51(b). 175 mg (0.5 mmole) of methyl N- 
bromoacetyl-3-(1-naphthylK-alanate [prepared as described in Example 51(a)] and 64.1 mg (0.5 mmole) of 
N-cyclohexyl-N-methylamine were reacted together and subsequently treated as described in Example 51- 
(c). to afford 65 mg of the monohydrate of the title compound as a white powder, 
so Silica gel thin layer chromatography, Rf value 0.56. 

Elemental analysis: 

Calculated for CcHssN/OeS H2O: 

C, 63.58%; H. 7.94%; N, 1 1 .53%; S. 3.77%. 
55 Found: 

C. 63.67%; H. 8.05%; N t 1 1.28%; S. 3.64%. 



105 



0 274 259 

EXAMPLE 54 

N-fN^N-Morpholinoacety^ 
pyiTolidinylmethyQamide 

5 

' 54(a) Methyl N-[N-(t-butoxvcarbonyl)-3*(4-thiazolyl)-DL-aianyl]-cyclostatinate 

2 ml of thionyl chloride were added at -20°C to 20 ml of methanol, and the mixture was agitated for 10 
minutes at the same temperature (-20°C). 2.85 g (9.0 mmole) of N-(t-butoxycarbonyl)-cyclostatin were then 

ro added to the mixture, and the mixture was agitated at room temperature for 14 hours. At the end of this 
time, the solvent was removed by distillation under reduced pressure, and the product was distilled 
azeotropicaliy three times with benzene to give methyl cyclostatinate hydrochloride. This product was then 
dissolved in 30 ml of dimethylformamide, and 2.71 g (9.9 mmole) of N-(t"butoxycarbonyI)-3-(4-thiazolyl)-DL- 
alanine. 1.97 g (10.9 mmole) of diethyl cyanophosphonate (95%) and 2.76 ml (19.9 mmole) of triethylamine ▼ 

is were added to the resulting solution, whilst ice-cooling. The mixture was then agitated at room temperature 
for 3 hours. At the end of this time, the solvent was removed by distillation under reduced pressure, the 
residue was dissolved in ethyl acetate, the organic layer was washed with a 5% w v aqueous solution of ^ 
sodium bicarbonate, with a 5% w.v aqueous solution of citric acid and with a saturated aqueous solution of 
sodium chloride, in that order, after which it was dried over anhydrous sodium sulphate. The solvent was 

zo then removed by distillation under reduced pressure, and the residue was purified by silica gel column 
chromatography (eluent a 50 : 1 by volume mixture of methylene chloride and methanol), to afford 3.76 g 
of the title compound as an amorphous substance. 

Elemental analysis: 
25 Calculated for C23H37N3O6S: 

C t 57.12; H. 7.71%; N ( 8.69%; S. 6.63%. 
Found: 

C, 56.87; H, 7.75%; N t 8.41%; S, 6.68%. 

30 

54(b) N-fN-[N-Moipholinoacetyl-3K1^aphthylH^ 

The t-butoxycarbonyl group was removed from 2.7 g (5.6 mmole) of methyl N-[N-(t-butoxycarbonyl)-3- 
(4-thiazolyl)-DL-alanyl]-cyclostatinate [prepared as described in step (a) above] by treatment with a 4N 

35 solution of hydrogen chloride in dioxane. The hydrochloride thus obtained, together with 1.9 g (5.6 mmole) 
of N-morpholinoacetyl-(1-naphthy!)-L-alanine [prepared as described in Preparation 35].* was dissolved in 40 
ml~of methylene chloride, and 1.37 g (7.6 mmole) of diethyl cyanophosphonate (95%) and 1.83 ml (13.2 
mmole) of triethylamine were added to the resulting solution, whilst ice-cooling. The mixture was then 
agitated at room temperature for 3 hours. At the end of this time, the reaction mixture was concentrated by 

40 evaporation under reduced pressure, and the residue was dissolved in ethyl acetate. The resulting solution 
was washed with a 5% w/v aqueous solution of citric acid, with a 5% w/v aqueous solution of sodium 
bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, after which it was dried 
over anhydrous sodium sulphate. The solvent was then removed by distillation under reduced pressure, and 
the residue was crystallized by the addition of diethyl ether, to afford 3.8 g of methyl N-{N-[N- 

45 morpholinoacetyl-3-(l-naphthyl)-L*alanyl]-3-(4-thiazolyl)-DL'alanyl>-cyclostatinate (melting at 54 - 57°C). 

3.1 mi (3.1 mmole) of a 1N aqueous solution of sodium hydroxide were added to a solution of 2.2 g (3.1 ^ 
mmole) of the methyl ester obtained as described above in 20 ml of methanol, and the mixture-was agitated 
at room temperature for 1 hour. 0.78 ml (3.1 mmole) of a 4N solution of hydrogen chloride in dioxane were 
then added to the reaction mixture, after which the reaction mixture was extracted with methylene chloride. ^ 

so The organic extract was washed with a saturated aqueous solution of sodium chloride, and dried over 
anhydrous sodium sulphate. The solvent was then removed by distillation under reduced pressure, and the 

residue was crystallized by the addition of diethyl ether, to afford 2.0 g of the dihydrate of the title 

compound, melting at 113 - 120°C. 

55 Elemental analysis: • 
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Calculated for CsH^NsOS 2 H 2 0: 

C. 59.23%; H. 7.04%; N, 9.60%; S. 4.39%. ; 
Found: 

C. 59.04%; H. 7.03%; N, 9.66%; S. 4.52%. 

s 

54(c) N-{N-[N-Morpholinoacetyl-3-(1-^ 
rolidiny)methyl)amide 

10 78 mg (0.43 mmole) of diethyl cyanophosphonate (95%) and 60 at (0.43 mmole) of triethylamine were 
added to a solution of 250 mg (0.36 mmole) of N-{N-[N-morpholinoacetyl-3-(1-naphthyl)-L-alanyl]-3-(4- 
.thiazolyl)-DL-alanyl}-cyclostatin [prepared as described in step (b) above] and 69 mg (0.54 "mmole) of 2- 
aminomethyl-1-ethylpyrrolidine in 5 ml of tetrahydrofuran, whilst ice-cooling, and the mixture was then 
agitated at room temperature for 5 hours. At the end of this time, the solvent was removed by distillation 

rs under reduced pressure, and the residue was purified by silica gel thin layer chromatography (developing 
solvent: a 5 : 1 by volume mixture of methylene chloride and methanol), to afford 120 mg of the dihydrate 
of the title compound, melting at 63 - 67° C. 

Elemental analysis: 
20 Calculated for CoHetNrOeS 2 H2O: 

C, 61.47%; H. 7.80%; N, 11.67%; S, 3.82%. 
Found: 

C, 61.22%; H. 7.52%; N, 11.48%; S, 3.78%. 

25 

EXAMPLE 55 

N-fN-[N-Morpholinoacetyl-3-(1-naphthylK-alan^ 
diethylaminoethyl)amide 

30 

Following a procedure similar to that described in Example 54(b), 2.7 g (5.6 mmole) of methyl N-[N-(t- 
butoxycarbonyl)-3-(4-thiazolylhDL-alanylJ-cyclostatinate [prepared as described in Example 54(a)] and T.92 
g (5.6 mmole) of N-morpholinoacetyi-3-(1-naphthyl)-L-alanine were reacted together and subsequently 
treated as described in Example 54(c), but using 0-diethylaminoethylamine instead of 2-aminomethyM- 
35 ethylpyrrolidine, to afford 1 10 mg of the sesquihydrate of the title compound, melting at 65 - 69°C. 

Elemental analysis: 

Calculated for C^HeMOeS 1.5 H2O: 

C. 61.59%; H, 7.88%; N, 11.97%; S. 3.91%. 
40 Found: 

C, 61.37%; H. 7.60%; N, 11.69%; S, 3.75%. 



EXAMPLE 56 

46 

N-{N^N-Morpholinoacetyl-3-(1-naph^ 
amide 

56(a) N-(t*Butoxycarbonylhcyclostatin-(2"pyridylmethyl)amide 

50 

194 mg (1.19 mmole) of diethyl cyanophosphonate (95%) and 250 mg (2.48 mmole) of triethylamine 
were added, whilst ice-cooling and stirring, to a solution of 250 mg (0.79 mmole) of N-(t-butoxycarbonyl)- 
cyclostatin and 103 mg (0.96 mmole) of 2-pyridylmethylamine in 10 ml of methylene chloride, and the 
mixture was stirred at room temperature overnight. The reaction mixture was then washed with a 10% w/v 
55 aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulphate, and concentrated by 
evaporation under reduced pressure. The title compound thus obtain d was used without purification for th 
subs qu nt r action. 
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56(b) N-fN-(N-(frButoxycarbonyl)-3-(1-^ 
methyDamide 

The t-butoxycarbonyl group was removed . from 271 mg (0.67 mmole) of N-(t-butoxycarbonyl)- 
5 cyclostatin-(2-pyridylmethyl)amide [obtained as described in step (a) above] by the addition of* 10 ml of a 
4N solution of hydrogen chloride in dioxane and agitation for 1 hour. At the end of this time, the reaction 
mixture was cone ntrated by evaporation under reduced pressure, benzene was added to the residue, and 
the mixture was again concentrated by evaporation under reduced pressure. This operation was repeated 2 
- 3 times to remove thoroughly any remaining water. A solution of 345 mg (0.74 mmole) of N-[N-(t- 
io butoxycarbonyl)-3-(1-naphthyl)-L*alanyl]-3"(4-thiazolyl)-DL-alanine (prepared as described in Preparation 
37) in 10 ml of methylene chloride was then added to the residue, and 163 mg (1.0 mmole) of diethyl 
cyanophosphonate (95%) and 406 mg (4.0 mmole) of triethylamine were added to the resulting suspension, 
whilst ice-cooling and stirring. The mixture was then stirred at room temperature overnight. At the end of 
this time, the reaction mixture was washed with a 10% w.v aqueous solution of sodium bicarbonate, dried ▼ 
rs over anhydrous sodium sulphate, and concentrated by evaporation under reduced pressure. The title 
compound thus obtained was used without purification for the subsequent reaction. 

56(c) N-{N-[N-Morpholinoacetyl-3-(1-n3phm^ 
20 methyDamide 

The t-butoxycarbonyl group was removed from 294 mg (0.39 mmole) of N-{N-[N-(t-butoxycarbonyl)-3- 
(1-naphthyl)"L-alanyl]-3-(4-thiazolyl)-DL-alanyl>-cyciostatin-(2-pyridyimethyl)amide [obtained as described in 
step (b) above] by the addition of 10 ml of a 4N solution of hydrogen chloride in dioxane and agitation for 1 

25 hour. The reaction mixture was then concentrated by evaporation under reduced pressure, benzene was 
added to the residue, and the mixture was again concentrated by evaporation under reduced pressure. This 
operation was repeated 2:3 times to remove thoroughly any remaining water. A solution of 84 mg (0.58 
mmole) of N-morpholinoacetic acid in 10 ml of methylene chloride was added to the residue, and then 128 
mg (0.79 mmole) of diethyl cyanophosphonate (95%) and 234 mg (2.32 mmole) of triethylamine were 

30 added to the resulting suspension, whilst ice-cooling and stirring. The mixture was then stirred at room 
temperature overnight At the end of this time, the reaction mixture was washed with a 10 % w.v aqueous 
solution of sodium bicarbonate, dried over anhydrous sodium sulphate, and concentrated by evaporation 
under reduced pressure. The compound thus obtained was purified by silica gel thin layer chromatography 
(developing solvent: a 10 : 1 by volume mixture of chloroform and methanol), to afford 280 mg of the 

35 dihydrate of the title compound, melting at 83 - 88°C. 

Elemental analysis: 

Calculated for C^HsNrOeS 2 H 2 0: 

C t 61.51%; K 7.00%; N. 11.96%: S, 3.91%. 
40 Found: 

C. 61.38%; H, 6.70%; N. 12.25%; S. 4.06%. 



EXAMPLE 57 

45 

N-fN-fN-Morpholinoacetyi-3-(1-naphthy^ 
amide 

57(a) N-[N-(t-Butoxycarbonyl)-3-(2-thienyl)-DL-alanyl1-cyclostatin-(2-morpholinoethyl)amide 

50 

0.25 g (2.48 mmole) of triethylamine and 0.15 g (0.9 mmole) of diethyl cyanophosphonate (95%) were 
added, whilst ice-cooling, to a suspension of 0.3 g (0.74 mmole) of cyciostatin-(2-morpholinoethyl)amide 
dihydrochloride [prepared as described in Preparation 17(b)] and 0.2 g (0.74 mmole) of N-(t-butoxycar- 
bonyl)-3-(2-thienyl)-DL-alanine in 10 ml of anhydrous tetrahydrofuran and the mixture was stirred for 0.5 
55 hours and the stirring was continued at room temperature for a further 15 hours. At the end of this time, the 
solvent was remov d by distillation under reduced pressure, and the residue was purified by silica gel thin 
lay r chromatography (d veloping solvent a 9 : 1 by volume mixture of methylene chloride and methanol), 
to afford 0.31 g (72.1 %) of the title compound as an amorphous substance. 
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Elemental analysis: 
Calculat d for CsHiaNiOsS: 

C, 59.97%; H, 8.33%; N. 9.65%; S. 5.52%. 
Found: 

C, 59.70%; H, 8.18%; N, 9.62%; S. 5.68%. 



57(b) N-WN-Morphoiinoacety[-3-(l-n^ 
pholinoethypamide 

5 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 0.21 g (0.366 mmole) 
of N-[N-(t-butoxycarbonyl)-3^ [prepared as de- 

scribed in step (a) above] in 5 ml of methanol, and the mixture was stirred at room temperature for 2 hours. 
At the end of this time, the solvent was removed by distillation to dryness under reduced pressure, and the 
residue was suspended in anhydrous tetrahydrofuran. 0.13 g (0.366 mmole) of N-morpholinoacetyl-3-(1- 
naphthyl)-L-alanine (prepared by a procedure similar to that described in Preparation 35). 0.15 g (1.46 
mmole) of triethyiamine and 72 mg (0.44 mmole) of diethyl cyanophosphonate (95%) were then added, 
whilst ice-cooling, to the resulting suspension. The mixture was stirred for 0.5 hours at the temperature of 
ice-cooling, and then the stirring was continued at room temperature for a further 16 hours. At the end of 
this time, the solvent was removed by distillation under reduced pressure, and the residue was purified by 
silica gel thin layer chromatography (developing solvent: a 9 : 1 by volume mixture of methylene chloride 
and methanol), to afford 0.24 g (77.4 %) of the trihydrate of the title compound as an amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.53. 

Elemental analysis: 

Calculated for CcHeoNsOrS 3 HjO: 

C. 60.12%; H, 7.74%; N, 9.78%: S, 3.73%. 
Found: 

C. 59,62%; H, 7.03%; N, 9.98%; S, 3.87%. 



EXAMPLE 58 

N-fN-[N-Morpholinoacetyl-3-(V^ 
amide 

Following a procedure similar to that described in Example 57(a), 0.2 g (0.75 mmole) of N-(t- 
butoxycarbonyl)-3-(2-pyridyl)-DL-aianine [instead of N-(t-butoxycarbonyl)-3-(2-thienyl)-OL-alanine] and 0.3 g 
(0.75 mmole) of cyciostatin-(2-morpholinoethyl)amide dihydrochloride were reacted together and subse- 
quently treated as described in Example 57(b). to afford 87 mg of the 3.5-hydrate of the title compound as 
a white amorphous substance. 

Silica gel thin layer chromatography. Rf value 0.28. 

Elemental analysis: 

Calculated for C44H61N7O7 3.5 Hfi: _ 

C f 61.23%; H. 7.94%; N t 11.36%. 
Found: 

C, 60.95%; H, 7.74%; N, 11.06%. 



EXAMPLE 59 

N-(N-[N-Morpholinoacetyl-3-(1^ 

Following a pr cedur simitar to that described in Example 57(a), 228 mg (0.749 mmole) of N-(t- 
butoxycarbonylK-tryptophan [instead of N-(t-butoxycarbonyl)-3-(2-thienyl)-alanin ] and 300 mg (0\749 
mmole) of cyciostatin-(2-morpholino thyl)amide wer reacted together and subsequently treated as de- 
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scribed in Example 57(b), to afford 380 mg of the decahydrate of the title compound as an amorphous 
substance. 

Silica gel thin layer chromatography, Rf value 0.37. 

5 Elemental analysis: 

Calculated for C^HgNtO? 1 0 H a O: 

C. 55.44%; H f 8.22%; N, 9.63%. 
Found: 

C, 55.50%; H, 7.92%; N, 9.54%. 
EXAMPLE 60 

N-fN-[N-Morpholinoacetyl-3-(1-naphthyl^^^ 
is methylpiperidino)propyl]amide 

60(a) N-[N-(t*ButoxycartX)nyl)-3K4-thiaz^ 

0.09 g (0.48 mmole) of diethyl cyanophosphonate (95%) and 0.05 g (0.48 mmole) of triethylamine were 
20 added, whilst ice-cooling, to a solution of 0.19 g (0.4 mmole) of N-[N-{t-butoxycarbonyl)-3-{4-thiazolyl)-OL- 
alanyfl-cyclostatin and 0.08 g (0.48 mmole) of N-(3-aminopropyl)-2-pipecoline in 5 ml of dimethylformamide. 
and the mixture was stirred at the temperature of ice-cooling for 1 hour and the stirring was continued at 
room temperature overnight. The reaction mixture was then extracted with twice its own volume of ethyl 
acetate, and the extract was washed with a 5% w/v aqueous solution of sodium bicarbonate and with a 
25 saturated aqueous solution of sodium chloride, in that order, after which it was dried over anhydrous 
magnesium sulphate, and the solvent was removed by distillation under reduced pressure. The residue was 
purified by silica gel thin layer chromatography (developing solvent: a 3 : 1 by volume mixture of methylene 
chloride and methanol), to afford 0.23 g of the title compound as an amorphous substance. 

30 

60(b) N-(N-[N-Morpholinoacetyl-3-(1-naph^ 
piperidino)propyl]amide 

The t-butoxycarbonyl group was removed from 0.23 g (0.38 mmole) of N-[N-(t-butoxycarbonyl)-3-(4- 
35 thia20lyl)-DL-alanyl]-cyclostatin-[3-(2-methylpiperidino)propyl] amide [prepared as described in step (a) 
above] by treating it with a 4N solution of hydrogen chloride in dioxane. The hydrochloride thus obtained 
and 0.13 g (0.38 mmole) of N-morpholinoacetyl-3-(1-naphthyl)-L-alanine were then dissolved in 5 ml of 
dimethylformamide, and 0.08 g (0.46 mmole) of diethyl cyanophosphonate (95%) and 0.17 g (1.71 mmole) 
of triethylamine were added, whilst ice-cooling, to the solution. The resulting mixture was stirred, whilst ice- 
40 cooling, for 1 hour and then the stirring was continued at room temperature overnight The reaction mixture 
was then extracted with twice its own volume of ethyl acetate, the extract was washed with a 5% w/v 
aqueous solution of sodium bicarbonate and with a saturated aqueous solution of sodium chloride, in that 
order, after which it was dried over anhydrous magnesium sulphate, and the solvent was removed by 
distillation under reduced pressure. The residue was purified by silica gel thin layer chromatography 
45 (developing solvent a 5 : 1 by volume mixture of methylene chloride and methanol), to afford 0.60 g of the 
3.5-hydrate of the title compound, melting at 97 - 101 °C. 

Elemental analysis: 
Calculated for C^NtOgS 3.5 H 2 0: 
50 C. 60.37%; H, 8.11%; N, 10.95%; S, 3.58%. 
Found: 

C, 60.65%; H, 7.95%; N, 10.69%; S, 3.48%. 



-£5 EXAMPLE 61 
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N-fN-[N-Morpholinoacetyl-3-(1^ 
pyrrolidinyl)propyl]amide 

A procedur similar to that d scribed in Example 60(a) was repeat d. except that the N-(3- 
5 aminopropyl)-2-pipecoline was replaced by 70 mg (0.48 mmole) of 1-{3-aminopropyl)-2-pyrrolidinone and 
this was reacted with 190 mg (0.4 mmole) of N-[N-t-butoxycarbonyl)-3-(4-thia2olyl)-DL-alanyl]-cyclostatin 
[prepared by a procedure similar to that described in Example 54(b)], and then the product was 
subsequently treated as described in Example 60(b), to afford 240 mg of the dihydrate of the title 
compound as white crystals, melting at 95 - 98° C. 

10 

Elemental analysis: 

Calculated for CoHsNtOtS 2 H 2 0: 

C, 60.46%; H. 7.44%; N, 1 1 .48%. 
Found: 

J5 C. 60.70%; H, 7.39%; N, 1 1 .51%. 



EXAMPLE 62 

20 N-fN-[N-Morpholinoacetyl-3-(1-napm 

62(a) N-[N-(t-ButoxycarbonylVN im -p^^^ 

0.28 g (1.52 mmole) of diethyl cyanophosphonate (95%) and 0.34 g (3.31 mmole) of triethylamine were 
25 added, whilst ice-cooling, to a solution of 0.57 g (1.38 mmole) of N-(t-butoxycarbonyl)-N im -f> 
toluenesulphonyl-L-histidine and 0.50 g (1.38 mmole) of cyclostatin-{2-morpholinoethyl)amide in 10 ml of 
dimethyiformamide. and the mixture was stirred, whilst ice-cooling, for 1 hour; the stirring was then 
continued at room temperature overnight. At the end of this time, the reaction mixture was extracted with 
ethyl acetate, the extract was washed with a 5% w/v aqueous solution of sodium bicarbonate and with a 
ao saturated aqueous solution of sodium chloride, in that order, after which it was dried over anhydrous sodium 
sulphate, and the solvent was removed by distillation under reduced pressure. The residue was purified by 
silica gel thin layer chromatography (developing solvent: a 15 : 1 by volume mixture of methylene chloride 
and methanol), to afford 0.56 g of the title compound as an amorphous substance. 

35 

62(b) N-fN-[N-Morpholinoacety1-3-(1-naph^ 
morpholinoethyQamide 

The t-butoxycarbonyl group Was removed from 0.56 g (0.78 mmole) of N-[N-(t-butoxycarbonyl)-N im -r> 
40 toluenesulphonyl-L-histidyl]-cyclostatin-(2-morpholinoethyl)amide (prepared as described in step (a) above] 
by treating it with a 4N solution of hydrogen chloride in dioxane. The hydrochloride thus obtained and 0.27 
g (0.78 mmole) of N-morpholinoacetyl-3-(1-naphthyl)-L-alanine were dissolved in 5 ml of dimethyifor- 
mamide. 0.39 g (2.15 mmole) of diethyl cyanophosphonate (95%) and 0.39 g (3.86 mmole) of triethylamine 
were added, whilst ice-cooling, to the solution, and then the mixture was stirred, whilst ice-cooling, for 1 
45 hour; the stirring was then continued at room temperature for a further 4 days. At the end of this time, the 
reaction mixture was extracted with twice its own volume of ethyl acetate, and the extract was washed with 
a 5% w/v aqueous solution of sodium bicarbonate and with a saturated aqueous solution of sodium chloride, 
in that order, after which it was dried over anhydrous sodium sulphate, and the solvent was removed by 
distillation under reduced pressure. The residue was purified by silica gel thin layer chromatography 
so (developing solvent: a 10 : 1 by volume mixture of methylene chloride and methanol), to afford 0.12 g of the 
title compound as an amorphous substance. 

'62(c) N-{N-fN-Morpholinoacetyl-3-(l-napm 

55 - 

0.07 g (0.52 mmole) of 1 -hydroxy benzotriazole was added to a solution of 0.12 g (0.13 mmole) of N-{N- 
[N-morphoIinoacetyl-3-(l-naphthyl)-L-alanyl]-N im -g-toluenesulphonyl-L-histidyl}-cyc 

morpholinoethyOamide [prepared as described in step (b) abov ] in 3 ml of methanol, and the mixtur was 
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stirred at room temperature for 4 hours. At the end of this time, the reaction mixtur was concentrat d by 
evaporation under reduced pressure, and was then extracted with ethyl acetate. The extract was washed 
with a 5% w.v aqueous solution of sodium bicarbonate and with a saturated aqueous solution of sodium 
chloride, in that order, after which it was dried ov r anhydrous magnesium sulphate, and the solvent was 
5 removed by distillation under reduced pressure. Th residue was crystallized by the addition of diethyl 
ether, to afford 0.90 g of th trihydrate of the title compound, m Iting at 103 - 106°C. 

Elemental-analysis: 
Calculated for C^HsMO? 3 H 2 0: . 
10 C, 59.84%; H, 7.89%; N. 13.29%. 

Found: . 
C, 60.10%; H, 7.98%; N. 13.46%. 



15 EXAMPLE 63 

N-fN-[N-(N-Methylani1inoacetyl)-3-^ 
morpholinoethyQamide 

20 Following a procedure similar to that described in Example 51(b), 175 mg (0.5 mmole) of methyl N- 
bromoacetyI-3-(1-naphthyl)-L-alanate [prepared as described in Example 51(a)] and 53.6 mg (0.5 mmole) of 
N-methylaniiine were reacted together and subsequently treated as described in Example 51(c), to afford 
260 mg of the hexahydrate of the title compound as a white powder. 
Silica gel thin layer chromatography, Rf value 0.48. 

25 

Elemental analysis: 

Calculated for C^HsNzOeS 6 H 2 0: 

C, 57.86%; H, 7.66%; N. 10.50%. 
Found: 

30 C, 57.75%; H ( 7.79%; N. 10.67%. 



EXAMPLE 64 

35 N-fN4NKN-Benzyl-N^thylaminoacetyl)-3^V^ 
morpholinoethyQamide 

Following a procedure similar to that described in Example 51(b), 175 mg (0.5 mmole) of methyl N- 
bromoacetyI-3-0-naphthyl)-L-alanate (prepared as described in Example 51(a)] and 65.6 mg (0.5 mmole) of 
40 N-ethylbenzylamine were reacted together and subsequently treated as described in Example 51(c), to 
afford 250 mg of the 2.5-hydrate of the title compound as a white powder. 

Silica gel thin layer chromatography. Rf value 0.51 . 

Elemental analysis: 
45 Calculated for C^HoN/OeS 2.5 H2O: 

C. 62.78%; H, 7.62%; N t 10.90%; S, 3.57%. * 
Found: 

C. 62.85%; H, 7.73%; N, 11.07%; S, 3.52%. 

50 

EXAMPLE 65 

• N-(N-[N-(N-Benzyl-N-isopropylaminbacetyl^ 
morpholinoethyQamide 

55 

Following a procedur similar to that described in Example 51(b), 175 mg (0.5 mmole) of methyl N- 
bromoacetyl-3-(1-naphthyl)-L-alanate [prepared as d scribed in Example 51(a)] and 74.6 mg (0.5 mmole) of 
N-benzyl-N-isopropylamine w re .reacted tog ther and subsequently treated as described in Example 51(c). 
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to afford 1 75 mg of the dihydrate of the title compound as a whit powder. 
Silica gel thin layer chromatography, Rf value 0.51. 

Elemental analysis: 
5 Calculated for CaHeWOeS 2 H2O: 

C. 63.76%: H, 7.69%; N, 10.84%; S. 3.55%. 
Found: 

C, 63.75%; H, 7.50%; N, 10.59%; S. 3.84%. 

70 

EXAMPLE 66 

N-[N-fN-[4-(2-MethoxyphenylH-piperazinyl]a^ 
cyclostatin-(2-morpholinoethyl)arnide 

Following a procedure similar to that described in Example 51(b), 175 mg (0.5 mmole) of methyl N- 
bromoacetyl-3-(l-naphthyl)-L-aianate [prepared as described in Example 51(a)] and 115 mg (0.5 mmole) of 
1-(2-methoxyphenyl)piperazine were reacted together and subsequently treated as described in Example 
51(c), to afford 341 mg of the monohydrate of the title compound as white crystals, melting at 100 - 105°C. 

20 

Elemental analysis: 
Calculated for C^HsNaOrS H2O: 

C, 63.34%; H, 7.38%; N, 12.05%. 
Found: 

25 C, 63.15%; H. 7.25%; N, 12.12%. 



EXAMPLE 67 

30 N-[N-{N-f4-(4-Chlorobenzhydi7lH^ 
cyciostatin-(2-morpholinoethyl)amide 

Following a procedure similar to that described in Example 51(b), 175 jr\g (0.5 mmole) of methyl N- 
bromoacetyl-3-(1-naphthyl)-L-aianate [prepared as described in Example 51(a)] and 143 mg (0.5 mmole) of 
35 1-(4-chlorobenzhydryl)piperazine were reacted together and subsequently treated as described in Example 
51(c), to afford 168 mg of the monohydrate of the title compound as white crystals, melting at 75 - 80°C. 

Elemental analysis: 
Calculated for CsHeCtNeOeS H2O: 
40 C, 61.75%; H. 7.01%; N f 12.00%. 
Found: 

C, 61.66%; H, 6.89%; N f 11.86%. 



45 EXAMPLE 68 

N«fN*[N-(N-Benzyl-N-methylaminoacetylV3"(1»naphthyl)-L-alanyl]-L'leucyl>^yclostatinK2-morpholinoethyl)- 
amide 

so 2 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 200 mg (0.370 
mmole) of N-(t-butoxycarbonyl)-L-leucyl-cyclostatin-(2-morpholinoethyl)amide in 2 ml of methanol, and the 
mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was removed by 
distillation to dryness under reduced pressure, and the residue was dissolved in 5 ml of dimethylformamide. 
140 mg (0.372 mmole) of N-(N-methyl-N-benzylam^ 0.26 ml *(1.87 

55 mmole) of triethylamine and 76 mg (0.443 mmole) of diethyl cyanophosphonate 795%) were then added to 
the resulting solution, and the reaction mixture was stirred at room t mperature for 4 hours, after which it 
was allowed to stand overnight. The solvent was then removed by distillation under reduced pressure, and 
the residue was purified by silica gel thin layer chromatography (developing solv nt: a 9 : 1 by volume 
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mixture of methylene chloride and methanol^ to afford 202 mg of the monohydrate of the title compound as 
a white powder. 

Silica gel thin layer chromatography, Rf value 0.51 . 

s Elemental analysis: 

Calculated for C^HesNeOe H 2 0: 

C, 67.62%; H, 8.39%; N, 10.29%. 
Found: 

C. 67.43%; H, 8.19%; N, 10.26%. 

TO 

EXAMPLE 69 

N-fN-fN-(N-Benzyl-N-ethylamin^ 
75 amide 

A procedure similar to that described in Example 68 was repeated, except that 113 mg (0,289 mmole) 
of N-(N-ben2yl-N-ethylaminoacetyl)-3-{1-naphthyl)-L-alanine (prepared by a procedure similar to that de- 
scribed in Preparation 40) were used instead of the N-(N-methyl-N-benzylaminoacetyi)-(l-naphthyl)-L- 
20 alanine, and. this was reacted with 156 mg (0.288 mmole) of N-(t-butoxycarbonyi)-L-leucyl-cyclostatin-(2- 
morpholinoethyl)amide [prepared by a procedure similar to that described in Example 2(a)], to give 142 mg 
of the sesquihydrate of the title compound as a white powder. 

Silica ge! thin layer chromatography. Rf value 0.51. 

25 Elemental analysis: 

Calculated for C^HaNeOe -1 .5 H 2 0: 

C. 67.19%; H, 8.52%; N. 10.00%. 
Found: 

C, 66.93%; H, 8.24%; N, 9.94%. • 

30 

EXAMPLE 70 

N-^N4N-(N-Cvclohexyl-N-methyiaminoaceWI)-3^1-naphthvl)*L-alanyl1-L*leucyl)*cyclostatin-(2- 
35 morpholinoethyQamide 

A procedure similar to that described in Example 68 was repeated, but using 138 mg (0.375 mmole) of 
N-<N-cyclohexyl-N-methyiaminoacetyl)-3-{1-naphthyl)-L-alanlne (prepared by a procedure similar to that 
described in Preparation 40) instead of the N^N-metnyi-N-benzylaminoacetylhS-tl-naphthyl^L-alanine. and 
40 this was reacted with 200 mg (0.370 mmole) of N-{t-butoxycarbonyl)-L-leucyl-cyclostatin-(2-mor- 
pholinoethyl)amide [prepared by a procedure similar to that described- in Example 2(a)], to give 106 mg of 
the pentahydrate of the title compound as a white powder. 
Silica gel thin layer chromatography, Rf value 0.50. 

45 Elemental analysis: 

Calculated for C^HtoNsOb 5 H 2 0: 

C, 61.34%; H, 9.15%; N, 9.54%. 
Found: 

C. 61.33%; H. 9.00%; N, 9.43%. 

50 

EXAMPLE 71 

N.{N-[N-(N-Methylani1inoaceWl^ 

55 

A procedur similar to that described in Example 68 was repeated, exc pt that 141 mg (0.389 mmole) 
of N-(N-methylanilinoacetyl)-3-(l-naphthylK-a!anine (prepared by a procedure similar to that described in 
Pr paration 40) was used inst ad of the r^(N-methylN-benzylaminoacetyl)-(1-naphthyl)-L-alanine. and this 
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was reacted with 210 mg •• (0.388 mmole) of N-[N-(t-butoxycarbonyl)-L-leucyl]-cyclostatin-(2-mor- 
pholinoethyl)amide [prepared by a procedure similar to that described in Example 2(a)], to give 189 mg of 
the dihydrate of th title compound as a white powder. 
Silica gel thin layer chromatography. Rf value 0.53. 

s 

Elemental analysis: 

Calculated for C^HwNeOe 2 HzO: 

C, 65.83%; H, 8.35%; N, 10.24%. 
Found: 

w C, 65.74%; H. 8.03%; N, 10.29%. 



EXAMPLE 72 

is N-{N-[N-(N-Cyclohexyl-N-methylam 
pyrrotidinyl)propyi]amide 

5 ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 300 mg (0.54 
mmole) of N-[N-(t-butoxycarbonyi)-L-le^ (prepared as 

20 described in Preparation 38) in 5 ml of methanol, and the mixture was stirred at room temperature for 1 
hour. At the end of this time, the solvent was removed by distillation to dryness under reduced pressure, 
and the residue was dissolved in 10 ml of dimethylformamide. 199 mg (0.54 mmole) of N-(N-methyl-N- 
cyclohexylaminoacetyl)-3-(1-naphthyl)-L-alanine, 249 mg (2.46 mmole) of triethylamine and 150 mg (0.92 
mmole) of diethyl cyanophosphonate (95,) were then added to the resulting solution, and the mixture was 

25 stirred at room temperature for 4 hours. At the end of this time, the solvent was removed by distillation 
under reduced pressure, and the residue was purified by silica gel column chromatography (eluent: a 10 : 1 
by volume mixture of chloroform and methanol), to afford 360 mg of the hemihydrate of the title compound 
as white crystals, melting at 75 - 82° C. 

30 Elemental analysis: 

Calculated for C^HtoNsOs V 2 H2O: 

C. 68.03%; H, 8.81%: N, 10.35%. 
Found: 

C. 67.86%; H. 8.63: N. 10.14%. 

35 

EXAMPLE 73 

N-(N-[N-(N-Benzyl-N-methylaminoace^ 
<o pyrrolidinyl)propyl]amide 

A procedure similar to that described in Example 72 was repeated, except that 203 mg (0.54 mmole) of 
N-(N-benzyi-N-methyl^ (prepared by a procedure similar to that described 

in Preparation 40) were used instead of the N-(N-methyl-N-cyclohexylaminoacetyl)-3-(l-naphthyl)-L-alanine, 
45 and this was reacted with 300 mg (0.54 mmole) of N-[N-(t-butoxycarbonyl-L-leucyl]-cyclostatin-[3^(2-oxo-1- 
pyrrolidinyl)propyl]amide (prepared by a procedure similar to that described in Preparation 38). to give 350 
mg of the monohydrate of the title compound as white crystals, melting at 78 - 86°C. 

Elemental analysis: 
50 Calculated for C^HaNeOe H2O: 

C. 68.09%; H. 8.27%; N, 10.14%. 
Found: 

C, 68.40%; H, 8.22%; N/ 10.05%. 

55 , 
EXAMPLE 74 
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N-fN-rN-(N-Butyl-N-methyla™^ 
pyrrolidinyl)propyl1amide 

A procedure similar to that described in. Example 72 was repeated, except that 280 mg (0.70 mmole) of 
s N-{N-butyl-N-methylaminoacetyl)-3-(1-naphthyl)-L-alanine (prepared by a procedure similar to that de- 
scribed in Pr paration 40) were used inst ad of "the N-(N-methyl-N-cycloh xylaminoacetyl)-3-(1-naphthyl)-L- 
alanine, and this was reacted with 300 mg (0.54 mmole) of N-[N-(t-butoxycarbonyl)-L-!eucylKyclostatin-[3- 
(2-oxo-1-pyrrolidinyl)propyl]amide, to give 270 mg of the 2.5-hydrate of the title compound as white 
crystals, melting at 66 - 70°C. 

10 

Elemental analysis: 

Calculated for OuHesNeOs 2.5 H2O: 

C. 65.00%; H, 8.93%; N, 10.34%. 
Found: 

75 C, 64.75%; H, 8.81%; N t 10.20%. 



EXAMPLE 75 

20 N-{N-[N-(N-Methylanilinoa 
amide 

A procedure similar to that described in Example 72 was repeated, except that 160 mg (0.39 mmole) of 
N-(N-methylanilinoacetyl)-3-(1-naphthyl)-L-alanine were used instead of the N-(N-methy!-N-cyclohex- 
25 ylaminoacetyl)-3-(1-naphthyl)-L-alanine, and this was reacted with 210 mg (0.38 mmole) of N-[N-(t-butox- 
ycarbonyl)L-leucyl]-cyciostatirT[3-(2-oxo-1-pyrrolodinyl)propyl]amide t to give 228 mg of the monohydrate of 
the title compound as white crystals, melting at 141 - 143°C. 

Elemental analysis: 
30 Calculated for C^HwNsOe H 2 0: 

C. 67.78%; H, 8.16%; N. 10.31%. 
Found: 

C, 67.94%; H, 7.95%; N, 10.25%. 

35 

EXAMPLE 76 

N-fN-fN-(N-Ben2yl-N-methylaminoaceM 
pyrrolidinyDpropyllamide 

40 

A procedure similar to that described in Example 72 was repeated, except that 642 mg (1 .0 mmole) of 
N-[N-(t-butoxycarbonyl)-L-ti^ (prepared by a proce- 

dure similar to that described in Preparation 38) were used instead of the N-[N-(t-butoxycarbonyl)-leucyl]- 
cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyl]amide. and this was reacted with 376 mg (1.0 mmole) of N-(N- 

45 methyl-N-benzylaminoacetylH*l-naphthyI)-L-alanine. to give 700 mg of the sesquihydrate of the title 

— compound as white crystals, melting at 80 - 90°C. 

Elemental analysis: 
Calculated for ChHesNtOb *h H2O: 
50 C. 68.55%; H, 7.52%; N, 10.76%. 
Found: 

C, 68.64%; H, 7.38%; N, 10.77%. 



55 EXAMPLE 77 



116 



0 274 259 



N-fN-fN-(N-Cyclohexyl-N-methy^ 
1 -pyrrolidinyi)propyi]amide 

A procedure similar to that described in Example 72 was repeated, except that 250 mg (0.43 mmol ) of 
N-[N-(t-butoxycarbonyl)-L-phenylalanyl]-cyclostatin-[3-(2-oxo-1 -pyrrolidinyl)propyl]amide were used instead 
of the N-[N-(t-butoxycai£onyl)-L-leucyl]<yd^ and this was reac- 

ted with 192 mg (0.52 mmole) of N-(N-methyl-N-cyclohexylaminoacetyl)-3-(l-naphthyl)-L-alanine, to give 
158 mg of the 2.5-hydrate of the title compound as white crystals, melting at 109 - 1 13°C. 

Elemental analysis: 

Calculated for C^HaNeOe ' 5 /2 H2O: 

C, 66.71%; H, 8.28%; N, 9.46%. 
Found: 

C. 66.53%: H. 8.08%; N, 9.33%. 



EXAMPLE 78 

N-(N-[N-Morpholinoacetyl-3-(1-naphthytH-alanyl]-L^ 
propyljamide 

A procedure similar to that described in Example 77 was repeated, except that 175 mg (0.53 mmole) of 
N-morpholinoacetyl-3-(1-naphthylH-alanine were employed instead of the N-(N-methyl-N-cyclohex- 
ylaminoacetyl)-3-(1-naphthyl)-L-alanine, and this was reacted with 250 mg (0.43 mmole) of N-[N-(t-butox- 
ycarbonyl)-L-phenylalanylHyciostatin-[3-(2-oxo-1-pyrrolid!nyl)propyl]amide. to give 165 mg of the mon- 
ohydrate of the title compound as white crystals, melting at 114 - 118°C. 

Elemental analysis: 
Calculated for C^HezNeO? l-feO: 

C, 66.64%; H, 7.78%; N, 10.14%. 
Found: 

C, 68.65%; H, 7.71%; N. 9.80%. 



EXAMPLE 79 

N-fN-[N-(N,N-DicvclohexvlaminoacetyQ^ 
morpholinoethyQamide 

A procedure similar to that described in Example 61(c) was repeated, except that 160 mg (0.35 mmole) 
of methyl N-(N,N-dicyclohexylaminoacetyl)-3-(1-naphthyl)-L-aianate were employed instead of the methyl N- 
(N t N-diethylaminoacetyl)-3-(1-naphthyl)-L-alanate, and this was reacted with the compound which had been 
prepared by removing the t-butoxycarbonyl group from 208 mg (0.35 mmole) of N-[N-(t-butoxycarbonyl)-3- 
(4-thia2o!yl)-L-alanyl]-cyclostatin-(2-morpholinoethyl)amide, to give 210 mg of the sesquihydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.53. 

□emental analysis: 

Calculated for CaHnNpOeS - 3 / 2 H20: 

C, 64.77%; H. 8.26%; N, 10.57%; S. 3.46%. 
Found: 

C, 64.89%; H, 7.97%; N. 10.34%; S, 3.63%. 



EXAMPLE 80 
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N-MN-(N-Diisobutylaminoac^ 
morpholinoethyQamide 

A procedure similar to that described in Example 61(c) was repeated, except that 140 mg (0.35 mmoie) 
of methyl N-(N.N-diisbbutylaminoacetyl)-3-(l-naphthyl)-L-alanate were employed instead of the methyl N- 
(N t N-diethyIaminoacetyl)-3-(1-naphthyl)-L-alanate, and this was react d with the compound which had been 
pT pared by removing the t-butoxycarbonyl group from 208 mg (0.35 mmole) of N-[N-(t-butoxycarbonyl)-3- 
(4-thiazolyl)-L-alanyl]-cyclostatin-(2-morpholinoethyl)amide {prepared by a procedure similar to that de- 
scribed in Example 2(a)], to give 230 mg of the monohydrate of the title compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.49. 

Elemental analysis: 
Calculated for CdsHsNyOeS H 2 0: 
' C. 63.79%; H, 8.26%; N, 11.32%; S. 3.70%. 
Found: 

C. 63.51%; H, 8.29%; N, 11.04%; S. 3.58%. 



EXAMPLE 81 

N.fN.[N-(N-Benzyl-N-methylaminoacetyl)-L-ph 

2, ml of a 4N solution of hydrogen chloride in dioxane were added to a solution of 200 mg (0.37 
mmole) of N-[N-(t-butoxycarbonyl)-L-leucyl]-cyclostatin-(2-morpholinoethyl)amide [prepared by a procedure 
similar to that described in Example 2(a)] in 2 ml of methanol, and the mixture was stirred at room 
temperature for 1 hour. At the end of this time, the solvent was removed by evaporation to dryness under 
reduced pressure, and the residue was dissolved in 5 ml of dimethylformamide. 121 mg (0.371 mmole) of 
N-(N-benzyl-N-methylaminoacetyl)-L-phenylaianine. 0.26 ml (1.87 mmole) of triethylamine and 76 mg (0.443 
mmole) of diethyl cyanophosphonate (95%) were then added to the resulting solution, and the mixture was 
stirred at room temperature for 4 hours; it was then allowed to stand overnight. At the end of this time, the 
solvent was removed by distillation under reduced pressure, and the residue was purified by silica gel thin 
layer chromatography (developing solvent a 9 : 1 by volume mixture of methylene chloride and methanol), 
to afford 129.5 mg of the 2.5-hydrate of the title compound as a white powder. 

Silica gel thin layer chromatography. Rf value 0.49. 

Elemental analysis: 

Calculated for C^HwNeOe *h H 2 0: 

C, 63.53%; H. 8.76%; N. 10.58%. 
Found: 

C. 63.82%, H, 8.37%; N, 10.51%. 



EXAMPLE 82 

N-fN4N-{N-Cyclohexyl-N-methylamin^^ 

amide - 

A procedure similar to that described in Example 81 was repeated, except that 140 mg (0.44 mmole) of 
N-{N-methyl-N-cyclohexylaminoacetyl)-L-phenylalanine were employed instead of the N-(N-benzyl-N- 
methyiaminoacetylV-L-phenylalanine. and this was reacted with 200 mg (0.37 mmole) of N-[N-(t-butoxycar- 
bonyl)-L-leucyl]-cyclostatin-(2-morpholinoethyl)amide, to give 200 mg of the monohydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography. Rf value 0.48. 

Elemental analysis: 
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Calculated for C^HaNeOe H2O: 

C. 64.88%; H, 9.03%; N, 11.07%. 
Found: 

C. 64.67%; H, 9.10%: N, 10.82%. 



EXAMPLE 83 

N-fN-fN-[4-(4-FluorophenylH-pto^^ 
cyclostatin-(2-morphoiinoethyl)amide 

A procedure similar to that described in Example 40(b). was repeated, except that 200. mg (0.26 
mmole) of N-{N-[N-(t-butoxycarbonyl)-3-(1-naphthyl)-L-ala^ 

pholinoethyl)amide (prepared as described in Example 40(a)] and 63.1 mg (0.26 mmole) of [4-{4- 
fluorophenyl)-i-piperazinyl]acetic acid were reacted together to give 51 mg of the dihydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.50. 

Elemental analysis: 

Calculated for C^HaFNaOeS 2 H2O: 

C, 61.65%; H, 7.22%; N t 11.98%. 
Found: 

C, 61.88%; H, 7.20%; N, 11.70%. 



EXAMPLE 84 

N-[N-{N-[4-(2-Chlorophenyl)-1-pipe^ 
cyclostatin-{2-morpholinoethyi)amide 

A procedure similar to that described in Example 40(b) was repeated, except that 200 mg (0.26 
mmole) of N-{N-[N-(t-butoxycaitionyl)-3^ 

pholinoethyl)amide [prepared as described in Example 40(a)] and 67.5 mg (0.26 mmole) of [4-(2- 
chloropheny»H-piperazinyl]acetic acid were reacted together to give 55 mg of the monohydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0.48. 

Elemental analysis: 

Calculated for CisHoCtNeOeS H2O: 

C. 61.75%; H. 7.01%; N. 12.00%. 
Found: 

C, 61 .66%; H, 6.89%; N, 1 1 .86%. 



EXAMPLE 85 

N-(N-[N-(N-Benzyl-N-memylaminoacetyl)-^ 
pyrrolidinyl)propyl]amide 

A procedure similar to that described in Example 73 was repeated, except that 150 mg (0.26 mmole) of 
N-[N-(t-butoxycarbonyl)-L-histidyl]-cyclostatin-[3-(2-oxo-1 -pyrrolidinyl)propyI]amide were employed instead 
of N-[N-(t-butoxycarbonyl)-LMeucyl]-cyclostatin-{3-(2-oxo-1-pyrrolidinyl)propyl]amide, and this was reacted 
with 120 mg (0.31 mmole) of N-(NTbenzyl-N-methyiaminoacetyl)»3-(1-naphthyl)-L-alanine, to give 118 mg of 
the sesquihydrate of the title compound as a white powder, melting at 91 - 94 a C. 

Elemental analysis: 
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Calculated for C^HoNeOs 1.5 H2O: 
C. 65.48%; H. 7.60%: N, 13.00%. 
Found: 

C, 65.27%; H, 7.31%; N, 12.83%. 



EXAMPLE 86 

N-fN-[N-(N-CyclohexyhN-methyl^ 
morpholinoethyQamide 

A procedure similar*" to that described in Example 72 was repeated, except that 200 mg (0.348 mmole) 
of N-[N-<t-butoxycarbonyl)-L-phenylalanyl>cyclostatin-(2-morpholinoethyl)amide (prepared by a procedure 
similar to that described in Example 2(a)] were employed instead of N-[N-(t-butoxycarbonyl)-L-leucyl]- 
cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyl]amide, and this was reacted with 129 mg (0.350 mmole) of N-(N- 
methyl-N-cyclohexylaminoacetyl)-3-(1-naphthyl)-L-alanine. to give 121 mg of the tetrahydrate of the title 
compound as a white powder. 

Silica gel thin layer chromatography, Rf value 0,53. 

Elemental analysis: 

Calculated for CaaHaNeOe 4 H 2 0: . 

C. 64.26%; H, 8.54%; N, 9.37%. 
Found: 

C, 64.26%; H, 8.31%; N, 9.25%. 



EXAMPLE 87 

N-fN.[N-(4-Benzyl-1-piperazinyla 
morpholinoethyQamide 

A procedure similar to that described in Example 51(b) was repeated, except that 350 mg (1 mmole) of 
methyl N-bromoacetyl-3-(1-naphthyI)-L-alanate [prepared as described in Example 51(a)] and 190 mg (1.1 
mmole) of N-benzylpiperazine were reacted together and the product was subsequently treated as 
described in Example 51(c), to afford 152 mg of the monohydrate of the title compound as a white powder, 
melting at 84 - 88° C. 

Elemental analysis: 
Calculated for GsHesNaOeS H2O: 

C. 64.45%; H, 7.51%; N. 12.27%; S, 3.51%. 
Found: 

C, 64.33%; H, 7.46%; N, 12.10%; S, 3.54%. 



EXAMPLE 88 

N^N-[N-(N,N-Diisobutylacetyl)-L^henylalanyl]-L-leucylVcyclostatin-(2-morpholinoethyl)amide 

A procedure similar to that described in Example 81 was repeated, except that 150 mg (0.44 mmole) of 
N-(N,N-diisobutylacetyi)-L-phenylalanine were employed instead of N -{N -benzyl -N-m ethyl ami no acetyl )-L- 
phenylalanine, and this"was reacted with 200 mg (0.37 mmole) of N-[N-(t-butoxycarbonyl)-L-leucyl]- 
cyclpstatin-(2-morpholinoethyl)amide, to give 200 mg of the tetrahydrate of the title compound as a 
colourless amorphous substance. 

Silica gel thin layer chromatography, Rf value 0.53. 

Elemental analysis: 
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Calculated for C^HnNeGe 4 H2O: 

C, 60.84%: H, 9.73%; N, 10.14%. 
Found: 

C. 60.58%; H, 9.67%; N, 9.99%. 

5 

EXAMPLE 89 

N-fN-[N-Morpholinoacetyl-3-(1-naph^ 

10 

2 mt of methanol and 2 ml of a 4N solution of hydrogen chloride in dioxane were added to 130 mg 
(0.24 mmole) of N-[N-(t-butoxycarbonyl)-L-leucyl}<yclostatin-{2-morpholinoethyl)amide (prepared by a pro- 
cedure similar to that described in Example 2(a)], and the mixture was stirred for 1 hour to remove the t- 
butoxycarbonyl group. The reaction mixture was then evaporated to dryness under reduced pressure, and 

15 the residue, together with 82.2 mg (0.24 mmole) of N-morpholinoacetyl-3-(l-naphthyl)-L-alanine, was 
suspended in 15 ml of anhydrous tetrahydrofuran. 97 mg (0.96 mmole) of triethylamine and" subsequently 
79.3 mg of diphenylphosphoric azide were then added to the resulting suspension, whilst ice-cooling, and 
the mixture was stirred for 0.5 hours; the stirring was then continued at room temperature for a further 64 
hours. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 

20 residue was purified by preparative thin layer chromatography (developing solvent: a 9 : 1 by volume 
mixture of methylene chloride and methanol), to afford 100 mg of the dihydrate of the title compound as a 
colourless amorphous substance. 

Silica gel thin layer chromatography. Rf value 0.50. 

25 Elemental analysis; 

Calculated for C^h&NeO? 2 HjO: 

C. 62.98%; H, 8.56%; N, 10.49%. 
Found: 

C. 62.98%; H. 8.14%; N, 10.36%. 

30 

EXAMPLE 90 

N-(N-fN-Morpholinoacetyl-3-(1-naphthyl)-L-alany^^^ 

35 

1 ml of methanol and 1 ml of a 4N solution of hydrogen chloride in dioxane were added to 100 mg 
(0,17 mmole) of N4N-(t-butoxycarbonyl)-L-phenylalany and the mix- 

ture was stirred for 1 hour to remove the t-butoxycarbonyl group. The reaction mixture was then evaporated 
to dryness under reduced pressure, and the residue, together with 58.2 mg (0.17 mmole) of N- 

40 morpholinoacetyl-3-(1-naphthyl)-L-alanine, was suspended in tetrahydrofuran. 69 mg (0.68 mmole) of 
triethylamine and subsequently 56.1 mg (0.204 mmole) of diphenylphosphoric azide were then added to the 
resulting suspension, whilst ice-cooling, and the mixture was stirred for 0.5 hours; the stirring was then 
continued at room temperature for a further 19 hours. At the end of this time, the solvent was removed by 
distillation under reduced pressure, and the residue was purified by preparative thin layer chromatography 

45 (developing solvent: a 9 : 1 by volume mixture of methylene chloride and methanol), to afford '70 mg of the 
dihydrate of the title compound as a colourless amorphous substance. 
Silica gel thin layer chromatography, Rf value 0.51. 

Elemental analysis: 
so Calculated for C^HsNeO 2 H2O: 

C. 64.73%; H, 7.97%; N. 10.06%. 
Found: 

C. 64.63%; H. 7.87%; N, 10.02%. 

55 

EXAMPLE 91 



121 



0 274 259 



N-fN^N-(N,N-Dicyctohexylamm^ 
pvrrolidinyl)propyl]amide 

A procedure similar to that described in Example 51(c) was repeated, except that 160 mg (0.35 mmole) 
s of methyl N-(N,N-dicyclohexylaminoacetyl)-3-(1-naphthyi)-L-alanate wer employed instead of the m thyl N- 
(N.N-diethyiamir7oacetyl)-3-(1-naphthylhL-alanate. and this was reacted with the compound which had been 
prepared by removing the t-butoxycarbonyl group from 205 mg (0.35 mmole) of N-[N-(t-butoxycarbonyl)-L- 
phenylalanyI]-cyciostatin-t3-(2-oxo-1-pyrrolidinyl)propyl]amide t to give 240 mg of the dihydrate of the title 
compound as a white powder. 
10 Silica gel thin layer chromatography, Rf value 0.58. 

Elemental analysis: 
Calculated for CsdHreNeOe *2H 2 0: 

C, 68.91%; H, 8.57%; N. 8.93%. * 
15 Found: 

C. 68.68%; H, 8.48%; N. 8.85%. 



EXAMPLE 92 

20 

N.|N-[N-(N,N-Diisobutylam^ 
pyrrolidinyl)propyllamide 

A procedure similar to that described in Example 51(c) was repeated, except that 140 mg (0.35 mmole) 
25 of methyl N-(N ( N-diisobutylaminoacetyl)-3-(1-naphthy!)-L-alanate were employed instead of the methyl N- 
(N,N-diethylaminoacetyl)-3-(1-naphthyl)-L-alanate. and this was reacted with the compound which had been 
prepared by removing the t-butoxycarbonyl group from 205 mg (0.35 mmole) of N-[N-(t-butoxycarbonyl)-L- 
phenylaianyl]-cycfostatin-[3-(2-oxo-l-pyrrolidinyl)propyl]amide. to give 210 mg of the monohydrate of the 
title compound as a white powder. 
30 Silica gel thin layer chromatography. Rf value 0.56. 

Elemental analysis: 
Calculated for CsGH^NsGe HzO: 

C. 68.94%; H. 8.56%; N, 9.65%. 
35 Found: 

C, 68.84%; H, 8.56%; N, 9.62%. 



EXAMPLE 93 

40 

N-{N-fN-Morpholinoacetyl-3-(1-naphthyl)^ 
morpholinoethyQamide 

3.5 g (40 mmole) of morpholine were added to a mixture of 3.6 g (20 mmole) of ethyl 2- 
45 bromopropionate and 50 ml of dry benzene, and then the mixture was heated under reflux for 7 hours. At 
the end of this time, the reaction mixture was filtered, the filtrate was concentrated by evaporation under 
reduced pressure, and the residue was dissolved in chloroform. The resulting solution was washed with 
water, dried, and concentrated by evaporation under reduced pressure, to give 3.19 g of ethyl 2- 
morpholinopropionate. 10 ml of methanol and 10 mi of a concentrated aqueous solution of ammonium 
so hydroxide were then added to 3.1 g (16.6 mmole) of this ethyl 2-morpholinopropionate. and the resulting 
mixture was heated under reflux for 28 hours. At the end of this time, the reaction mixture was concentrated 
by evaporation under reduced pressure, and the residue was dried by heating it under reduced pressure, to 
give 2-morpholinopropionamide as a precipitate. 

The whole of this precipitate was added little by little to 2.43 g (64 mmoie) of lithium aluminium hydride 
55 in 90 ml of anhydrous tetrahydrofuran. and the mixture was heated under reflux for 9 hours. At the end of 
this time, thyl acetate was add d dropwise to the cool d reaction mixture to quench the reaction, after 
which the r action rriixtur was filtered and the filtrate was concentrated by evaporation under r duced 
pressure, to give 1.16 g of 4-(2-amino-l^me%lethyl)morpholine as an oily substance. The whole of this 4- 
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(2-amino-1-methylethyl)morpholine (8 mmole) was dissolved in a mixture of 8 ml of methanol and 4 ml of 
water, and 3.2 g (32 mmole) of triethylamine and then 3.8 g (17.6 mmole) of di-t-butyl dicarbonate were 
add d, in that order, to the resulting solution, whilst cooling; the mixture was then stirred at room 
temperature for 17 hours. At the end of this time, the reaction mixture was concentrated by evaporation 
s under reduced pressure, and the residue was extracted with ethyl acetate. The product was then purified by 
silica gel column chromatography, to afford 220 mg of t-butyl N-(2-morpholinopropyl)carbamate as an oily 
substance. 

120 mg (0.5 mmole) of this t-butyl N-(2-morphofinopropyl)carbamate were dissolved in 2 ml of 
methanol, and 2 ml of a 4N solution of hydrogen chloride in dioxane were added to the resulting solution. 

io The mixture was then stirred at room temperature for 30 minutes, after which it was evaporated to dryness 
under reduced pressure. Following a procedure similar to that described in Example 54(c). the product thus 
obtained was reacted with 350 mg (0.5 mmole) of N-{N-[N-morpholinoacetyl-3-(1-naphthyl)-L-alanyl]-3-(4- 
thiazolyl)-L-alanyl}-cyclostatin [prepared as described in Example 54(b)], to afford 150 mg of the 
sesquihydrate of the title compound as a white powder. 

15 Silica gel thin layer chromatography, Rf value 0.54. 

Elemental analysis: 

Calculated for C«jH*Ni07S 1.5 H 2 0: 

C, 60.97%; H. 7.62%; N, 11.57%; S. 3.78%. 
20 Found: 

C. 60.74%: H. 7.40%; N. 11.38%; S. 4.01%. 



EXAMPLE 94 

25 

N-{N-[N-Morpholinoacetyl-3-(1-naphthylH^ 

A procedure similar to that described in Example 72 was repeated, except that 175 mg (0.53 mmole) of 
N-morpholinoacetyi-3-(1-naphthylhL-alanine were employed instead of the N-(N-methyl-N-cyclohex- 
30 ylaminoacetyl)-3-(1-naphtyl)-L-alanine, and this was reacted with 238 mg (0.43 mmole) of N-[N.-(t-butoxycar- 
bonyl)-L-leucyl]-cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyi]amide, to give 109 mg of the monohydrate of the 
title compound as white crystals, melting at 105 - 109°C. 

Elemental analysis: 
35 Calculated for C^He-NeO? H 2 0: 

C. 64.96%; H, 8.37%; N, 10.57%. 
Found: 

C. 64.83%; H. 8.21%; N, 10.32%. 

40 

EXAMPLE 95 

N-fN-[N-(N-Cyclohexyl-N-methy^ 
(2-oxopyrrolidinyl)propyl]amide 

45 

A procedure similar to that described in Example 68 was repeated, except that 200 mg (0.34 mmole) of 
N-[N-(t-butoxycarbonyl)-3-(4-thi and 124 mg 

(0.34 mmole) of N-(N-cyclohexyl-N-methylaminoacetyl)-3-(1-naphthyl)-L-alanine [instead of N-(N-benzyl-N- 
methylaminoacetyl)-3-(1-naphthyl)-L-alanine] were reacted together to give 160 mg of the monohydrate of 
so the title compound as a white powder, melting at 75 - 80°C. 

Elemental analysis: 
Calculated for C^HesN/OsS H2O: 

C t 64.09%; H, 7.83%; N t 1 1 .37%; S, 3.71 %. 
55 Found: .,_ 

C, 64.10%; H, 7.56%; N, 11.52%; S, 3.72%, 
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EXAMPLE 96 

N-fN-fN-Morpholinoac tvl-3-(1 -naphthylK-alany^3^ 
ethyl]amid 

5 

A procedur similar to that d scribed in Exampl 54(c) was repeated, except that 250 mg (0.36 mmole) 
of N-fN-[N-morpholinoacetyl-3-(1-n^^ [prepared as de- 

scribed in Example 54(b)] and 99 mg (0.54 mmoie) of 4-{2-aminoethyl)imidazole were reacted together, to 
give 160 mg of the sesquihydrate of the title compound as a white powder, melting at 107 - 1 10°C. 

70 

Elemental analysis: 

Calculated for C^HsdNsOeS 1.5 H 2 0: 

C, 60.49%; H, 7.06%; N, 13.77%; S, 3.94%. 
Found: • 
is C, 60.41%; H. 6.87%; N, 13.48%; S, 4.15%. 



EXAMPLE 97 



20 N-{N-fN-Momholinoacetyl-3-(1-naphthyi)-L-alanyfr 
morpholinopropyQamide 

97(a) N-[N-(t-BLrtoxycarbonyl)-3-(4-thiazoM 

25 0.87 g (20 mmole) of sodium hydride (as a 55% w/w suspension in mineral oil) were suspended in 20 
ml of tetrahydrofuran. 1.74 g (20 mmole) of morpholine and subsequently 1.85 g (20 mmole) of epich- 
lorohydrin were then added, whilst ice-cooling, to this suspension, and the reaction mixture was allowed to 
stand at room temperature for 48 hours. At the end of this time, methylene chloride was added to the 
reaction mixture, and the organic layer was separated, washed with a saturated aqueous solution of sodium 

30 chloride, dried over anhydrous sodium sulphate, and concentrated by evaporation under reduced pressure. 
The residue was purified by silica gel column chromatography (eluent: methylene chloride), to give 530 mg 
of 1-morphoiino-2,3-epoxypropane. 

500 mg of the 1-morphplino-2,3*epoxypropane prepared as described above were dissolved in 20 mi of 
a saturated methanolic solution of ammonium hydroxide, and the mixture was allowed to stand at room 

35 temperature for 3 days. At the end of this time, the reaction mixture was concentrated by evaporation under 
reduced pressure, to give 530 mg of 1-amino-3-morpholino-2-propanol. 

255 mg (1.59 mmole) of this 1-amino-3-morpholino-2-propanol and 500 mg (1.06 mmole) of N-(t- 
butoxycarbonyl)-3-(4-thia2olyl)-DL-alanyl-cyclostatin [prepared by a procedure similar to that described in 
Example 54(b)] were dissolved in anhydrous tetrahydrofuran, and 231 mg (1.27 mmole) of diethyl 

40 cyanophosphonate (95%) and 0.18 ml (1.27 mmole) of triethylamine were added the resulting solution, 
whilst ice-cooling. The mixture was then stirred at room temperature for 2 hours. At the end of this time, the 
solvent was removed by distillation under reduced pressure, and the residue was purified by silica gel thin 
layer chromatography '(developing solvent a 5 : 1 by volume mixture of methylene chloride and methanol), 
to afford 350 mg of the trihydrate of the title compound as an amorphous substance. 

45 

Elemental analysis: 

Calculated for CaH^NsOzS 3 H2O: 

C. 55.30%; H, 8.16%; N t 11.12%; S, 5.09%. 
Found: 

so C, 54.99%; H, 7.96%; N, 11.05%; S, 4.80%. 



97(b) N-fN-[N-MorpholinoaceWl-3-(1-naphthy^ 
• morpholinopropyQamide 

55 

A -procedur similar to that described in Example 54(b) was repeated, except .that 300 mg (0.49 
mmole)" of N-[N-(t-butoxycarbonyl)-3^4-tft 

amide [prepared as described in step (a) above] and 168 mg (0.49 mmole) of N-morpholinoacetyl-3-(l- 
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naphthylK-alanine (prepared as described in Preparation 35) were reacted together, to give 205 mg of the 
monohydrate of the title compound as whit crystals, melting at 100 - 105°C. 

Elemental analysis: 
s Calculated for C^HgiN/OsS H2O: 

C t 60.47%; H, 7.44%; N, 1 1.48%; S. 3.75%. 
Found: 

C. 60.28%; H, 7.55%; N, 1 1D£%; S. 3.64%. 

10 

EXAMPLE 98 

N-{N-[N-Moiphotinoacetyl-3-(1^ 
amide 

is 

98(a) N-(t-Butoxycarbonyl)-cyclostatin-[(S)-2-methylbutyl1amide 

A procedure similar to that described in Example 48(a) was repeated, except that 0.33 g (3.81 mmole) 
of (S)-2-methylbutylamine was employed instead of the 2-morpho!inoethylamine, and this was reacted with 
20 1.00 g (3.17 mmole) of N-(t-butoxycarbonyl)cyclostatin, to give 1.13 g (93%) of the title compound as a 
white powder. 



98(b) N-{N-fN-Morpholinoacetyl-3-(1-napm 
25 methylbutyllamide 

A procedure similar to that described in Example 40(a) was repeated, except that 0.50 g (1.30 mmole) 
of N-(t-butoxycarbonyl)-cyclostatin-((S)-2-methylbutyl]amide were employed instead of the N-(t-butoxycar- 
bonyl)cyclostatin-(2-morpholinoethyl)amide. and this was reacted with the compound which had been 
30 prepared by removing the t-butoxycarbonyl group from 354 mg (1 .30 mmole) of N-(t-butoxycarbonyl)-3-(4- 
thiazolylK-alanine; subsequent reactions were carried out as described in Example 40(b), to give 254 mg 
(72%) of the 2.5-hydrate of the title compound as a white powder. 

Silica gel thin layer chromatography. Rf value 0.63. 
Elemental analysis: 
35 Calculated for C^HseNsOeS 2.5 H2O: 

C. 60.94%; H, 7.60%; N f 10.40%; S, 3.97%. 
Found: 

C. 60.56%; H. 7.14%; N, 10.61%; S, 3.99%. 

40 

EXAMPLE 99 

N-fN-[N-Morpholinoacetyl-3-(1«napta 
2-methylbutyl]amide 

45 

99(a) N-(t-Butoxycarbonyl)-cyclostatin-f(S)-1-hydroxymethyl-2-methylbutyl1amide 

A procedure similar to that described in Preparation 36 was repeated, except that 446 mg (3.81 
mmole) of (S)-2-amino-3-methylpentanol were employed instead of H2-aminoethyl)pyrrolidine, and this was 
so reacted with 1.00 g (3.17 mmole) of N-(t-butoxycarbonyl)-cyclostatin, to give the title compound as a white 
powder. 



99(b) N-fN-fN-Morpholinoacety 1-3^1-^^ 

55 hydroxymethvl-2-methvlbutytlamide 

A procedure similar to that described in Example 40(a) was rep at d. xc pt that 500 rhg (1 .21 mmole) 
of N-(t-butoxycarbonyl)-cyclostatin-{(S)-1-hydroxymethyl-2-methylbutyl]amide were employed instead of 
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cyclostatin-(2-morpholinoethyl)amide, and this was reacted with 330 mg (1.21 mmole) of N-(t-butoxycar- 
bonyl)-3-(4-thiazolyl)-L-alanine; subsequent reactions were carried out essentially as described in Example 
40(b), to giv 125 mg of the hydrate of the title compound as a white powder. 
Silica gel thin layer chromatography, Rf value 0.16. 

5 

EXAMPLE 100 

N-fN-fN-(N-Benzy1-N-methylaminoace^ 
to (1 S.2S)-2-methyf-1 -(morpholtnometh vQbutyllamide 

The t-butoxycarbonyl group was. removed from 188 mg (0.66 mmole) of (1S, 2S)-N-t-butoxycarbonyl-2- 
methyl-1-(morpholinomethyl)butylamine (prepared as described in Preparation 53) by treating it with a 4N 
solution of hydrogen chloride in dioxane. The hydrochloride thus obtained was dissolved in 5 ml of 

T5 dimethylformamide, " together with 300 mg (0.44 mmole) of N-{N-[N-(N-benzyl-N-methylaminoacetyl)-3- 
cyclohexyl-L-alanyl]-3-(4-thiazolyl)-L-alanyl}-cyclostatin (prepared as described in Preparation 56). Whilst 
ice-cooling, 95 mg (0.53 mmole) of diethyl cyanophosphonate (95%) and 0.26 ml (1.84 mmole) of 
triethylamine were added to the solution, and the mixture was then allowed to react at room temperature for 
14 hours. At the end of this time, the reaction mixture was concentrated by evaporation under reduced 

20 pressure, and the residue was purified by preparative silica gel thin layer chromatography (developing 
solvent: a 10 : 1 by volume mixture of methylene chloride and methanol), to afford 250 mg of the title 
compound as white crystals, melting at 76 - 79 ff C. 

Elemental analysis: 
25 Calculated for C^HnNyOsS *V 2 H2O: 

C, 64.15%; H. 8.66%; N t 1 1.39%; S. 3.72%. 
Found: 

C, 63.97%; H. 8.41%; N. 1 1.40%; S, 3.73%. 



EXAMPLE 101 

N-fN-fN^N-Benzyl-N-mewylaminoaceW^ 
morpholinoethyQamide 

35 

57 mg (0.35 mmole) of diethyl cyanophosphonate (95%) and 89 ul (0.64 mmole) of triethylamine were 
added, whilst ice-cooling, to a solution of 200 mg (0.29 mmole) of N-{N-[N-(N-ben2yl-N-methylaminoacetyl)- 
3-cyclohexyl-L-alanyl]-3-{4-thia2olyl)-L-alanyl}-cycIostatin (prepared as described in Preparation 56) and 58 
ul (0.44 mmole) of 2-moipholinoethylamine in tetrahydrofuran, and the mixture was stirred at room 
40 temperature for 3 hours. At the end of this time, the reaction mixture was evaporated to dryness under 
reduced pressure, and the residue was purified by preparative silica gel thin layer chromatography 
(developing solvent; a 10 : 1 by volume mixture of methylene chloride and methanol), to afford 200 mg of 
the 2.5-hydrate of the title compound as white crystals. 

Silica gel thin layer chromatography, Rf value 0.53. 

45 

Elemental analysis: 

Calculated for C^H^CeS s / 2 HzO: 

C, 59.97%; H, 8.39%; N, 11.66%; S, 3.81%. 
Found: 

so C, 60.10%; H, 8.18%; N, 1 1.87%; S. 3.70%. 



• EXAMPLE 102 
55 
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N-{N-fN-tN-Benzyl-N-methylaminoacetyl)-3-cycloh 
(hexylamtde) 

413 mg (0.23 mmole) of diethyl cyanophosphonate (95%) and 32 at (0.23 mmol) of triethylamine were 
5 added, whilst ice-cooling, to a solution of 130 mg (0.19 mmole) of N-{N-[N-(N-b nzyl-N:methylaminoacetyl)- 
3-cyclohexyl-L-alanyl]-3-(4-thiazolylH-aianyl}-cyclostatin (prepared as d scribed in Preparation 56) and 30 
ul of hexylamine dissolved in tetrahydrofuran, and the mixture was stirred at room temperature for 3 hours. 
At the end of this time, the reaction mixture was evaporated to dryness under reduced pressure, and the 
residue was purified by preparative silica gel thin layer chromatography (developing solvent: a 10 : 1 by 
w volume mixture of methylene chloride and methanol), to afford 120 mg of the sesquihydrate of the title 
compound as white crystals, melting at 48 - 51 °C. 

Elemental analysis: 
Calculated for C^HesNeOsS 3 /2 H2O: 
15 C, 63.52%; H, 8.76%; N. 10.58%; S, 4.04%. 
Found: 

C. 63.49%; H. 8.66%; N, 10.42%; S. 4.14%. 



20 EXAMPLE 103 

N-{N-[N-Morpholinoacetyl-3-(1-naphthy^ 

103(a) N-(t-Butoxycarbonyt)-cyclostatin-propylamide 

25 

510 mg (1.6 mmoles) of N-(t-butoxycarbonyl)-cyclostatin, 90 mg (1.6 mmoles) of propylamine and 320 
mg (3.2 mmoles) of triethylamine were added to 20 ml of anhydrous tetrahydrofuran. 280 mg (1.6 mmoles) 
of 95% diethyl cyanophosphonate (95%) were then added dropwise to the mixture, whilst ice-cooling, and 
the mixture was stirred for 4 hours at the temperature of ice-cooling, -and then allowed to stand overnight. 
30 The reaction mixture was then concentrated by evaporation under reduced pressure, and the residue was 
diluted with water and then extracted with ethyl acetate. The organic extract was washed with water, dried 
over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure. The residue 
was triturated with a mixture of ethyl acetate and hexane to induce crystallization. 446 mg of the title 
compound, melting at 135 - 136°C, were obtained. 

05 

103(b) N-[N-(t-Butoxycarbonyl)-3-(4-thiazolyl)-L-alanyi)-cyclostatin-propylamide 

440 mg (1.24 mmoies) of N-(t-butoxycarbonylKyclostatin-propylamide [prepared as described in step 
40 (a) above] and 8 ml of a 4N solution of hydrogen chloride in dioxane were added to 2 ml of methanol, and 
the mixture was stirred for 1 hour at room temperature. The reaction mixture was then evaporated to 
dryness under reduced pressure, and the residue was dissolved in 17 ml of anhydrous tetrahydrofuran. 340 
mg (1.24 mmoles) of N-(t-butoxycarbonyl)-3-(4*thiazoly()-L-alanine and 510 mg (5.0 mmoles) of 
triethylamine were added to the resulting solution, after~which 210 mg (1.24 mmoles) of diethyl 
45 cyanophosphonate (95%) were added dropwise, whilst ice-cooling. The reaction mixture was then stirred for 
4 hours, after which it was allowed to stand overnight It was then concentrated by evaporation under 
reduced pressure. The residue was mixed with a small amount of water arid then extracted with ethyl 
acetate. The organic extract was washed with water, dried over anhydrous magnesium sulphate and 
concentrated by evaporation under reduced pressure. The residue was triturated with a mixture of 
so methylene chloride and hexane to induce crystallization. 513 mg of the title compound, melting at 198 - 
200 °C, were obtained. 



103(c) N-{N-[N-Mon3holinoacetyl-3-(1-naphthy^^ 

510 mg (1.0 mmol ) of N-[N-(t-butoxycarbonyl)-3-(4-M and 12 

ml of a 4N solution of hydrogen chloride in dioxane were add d to 4 ml of methanol, and the mixture was 
stirred for 1 hour at room temperatur . Th reaction mixture was then vaporated to dryness under reduced 
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pressure, and the residue was dissolved in 20 ml of anhydrous tetrahydrofuran. 340 mg (1.0 mmole) of N- 
morpholinoacetyl-3-(1-naphthyl)-L-alanine and 510 rrig (5.0 mmoles) of triethy famine w re added to the 
resulting solution, after which 170 mg (1.0 mmole) of 95% diethyl cyanophosphonate (95%) w re added 
dropwise, whilst ice-cooling/ to, th mixture. The reaction mixture was stirred for 4 hours at room 
temperature, allowed to stand overnight and then vaporated to dryness under reduced pressur . The 
residue was mixed with a small amount of water, and the resulting mixture was extracted with ethyl acetate. 
The organic extract was washed with water, dried over anhydrous magnesium sulphat and concentrated by 
evaporation under reduced pressure. The residue was triturated with a mixture of methylene chloride and 
hexane to induce crystallization. 630 mg of the monohydrate of the title compound, melting at 189 - 191 °C. 
were obtained. 

Elemental analysis: 
Calculated for CaHfcNeOeS HjO: 

C, 62.21%; H. 7.50%; N. 11.16%; S. 4.26%. 
Found: 

C, 62.34%; H. 7.32%; N, 11.05%; S. 3.99%. 



EXAMPLE 104 

N-fN-fN-Morpholinoacetyl-3-^ 

104(a) N-(t-Butoxycarbonyl)-cyclostatin-butylamide 

Following a procedure similar to that described in Example 103(a), but reacting 510 mg (1.6 mmoles) of 
N-(t-butoxycarbonyl)-cyclostatine with 120 mg (1.6 mmoles) of butylamine (instead of the propylamine), 396 
mg of the title compound were obtained as white crystals. 

104(b) N-{N-[N-Morpholinoacetyl<3-(1-naphthyQ 

Following a procedure similar to that described in Example 103(b). followed by a procedure similar to 
that described in Example 103(c), but reacting 390 mg (1.05 mmoles) of N-(t-butoxycarbonyl)-cyclostatin- 
butylamide [prepared as described in step (a) above, instead of the N-(t-butoxycarbonyl)-cyclostatin- 
propylamide] and 290 mg (1.05 mmoles) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-aIanine. 590 mg of the 
hemihydrate of the title compound were obtained as crystals, melting at 180 - 182° C. 

Elemental analysis: 

Calculated for CaoHseNgOeS V2H2O: 

C, 63.38%; H, 7.58%; N, 11.09%; S, 4.23%. 
Found: 

C. 63.09%; H. 7.57%; N, 10.97%; S. 4.16%. 



EXAMPLE 105 

N-{N-[N-Moir>holinoacetyl-3^1-naph^ 

105(a) N*(t-Butoxycarbonyi)-cyclostatin*lsobutylamide 

Following a procedure similar to that described in Example 103(a). but reacting 140 mg (1.9 mmoles) of 
isobutylamine (instead of the propylamine) and 500 mg (1.59 mmoles) of N-(t-butoxycarbonyl)-cyclostatine. 
470 fng of the title compound were obtained as white crystals. 
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105(b) N-fN-[N-Morpholinoacetyl-3-<i-nap^ 

Following a procedure similar to that described in Example 103(b), followed by a procedure similar to 
that described in Example 103(c), but reacting 460 mg (1.24 mmoles) of N-(t-butoxycarbonyl)-cyclostatin- 
isobutylamide [prepared as described in step (a) above, instead of the N-{t-butoxycarbonyl)-cyc!ostatin- 
propylamide] and 340 mg (1.24 mmoles) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanine, 785 mg of the 
monohydrate of the title compound were obtained as crystals, melting at 195 - 197°C. 

Elemental analysis: 
Calculated for C^HaNeOeS H2O: 

C, 62.64%; H. 7.62%; N, 10.96%; S. 4,18%, 
Found: 

C, 62.94%; H. 7.64%; N, 10.85%; S, 4.24%. 
EXAMPLE 106 

N-{N-[N-Morpholinoacetyl-3-(1-naphthylh^ 

106(a) N^t-ButoxycarbonylKyclostatin-diisobutylamide 

Following a procedure similar to that described in Example 103(a). but reacting 205 mg (1.59 mmoles) 
of diisobutylamine (instead of the propylamine) and 500 mg (1.59 mmoles) of N-(t-butoxycarbonyl)- 
cyclostatine, 560 mg of the title compound were obtained as a white powder. 



106(b) N-(N-fN-MorphotinoaceWl-3-(1-naphthyl)-L-al^^ 
diisobutylamide 

Following a procedure similar to that described in Example 103(b), followed by a procedure similar to 
that described in Example 103(c), but reacting 427 mg (1.0 mmole) of N-(t-butoxycarbonyl)-cyclostatin- 
diisobutylamide [prepared as described in step (a) above, instead of the N-(t-butoxycarbonyl)-cyclostatin- 
propylamide] and 272 mg (1.0 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alan!ne, 690 mg of the title 
compound were obtained as an amorphous monohydrate. 

Silica gel thin layer chromatography, Rf value 0.53, (developing solvent: a 30 : 1 .5 by volume mixture of 
ethyl acetate and methanol). 

Elemental analysis: 
Calculated for C^HwNeOeS H2O: 

C. 64.21%; H, 8.08%; N, 10.21%; S, 3.89%. 
Found: 

C. 64.51%; H, 7.79%; N, 10.47%; S, 3.88%. 



EXAMPLE 107 

N-{N-fN-Moipholinoacetyl-3-(1-naptt 

1 07(a) N-(t-Butoxycarbonyl)-cyclostatin-pentvlamide 

Following a procedure similar to that described in Example 103(a). but reacting 0.22 ml (1.9 mmoles) of 
pentylamine (instead of propylamine) and 500 mg (1 .59 mmoles) of N-(t-butoxycarbonyl)-cyclostatine, 580 
mg of the title compound were obtained as white crystals. 
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107(b) N-(N4N-Morpholinoacetyl-3-(1-naph^ 

Following a procedure similar to that described in Example 103(b), followed by a procedure similar to 
that described in Example 103(c). but r acting 580 mg (1.5 mmoles) of N-(t-butoxycarbonyl)-cyclostatin- 
pentylamide [prepared as described in step (a) 'above,, instead of the N-(t-butoxycafbonyJ)-cyclostatin- 
propylamide] and 463 mg (1.7 mmoles) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanine. 574 mg of the 
mono-hydrate of the title compound were obtained, melting at 141 - 143°C. 

Elemental analysis: 

Calculated for CiiHaNeOeS H 2 0: 

C. 63.05%; H, 7.74%; N, 10.76%; S, 4.10%. 
Found: 

C, 63.13%; H, 7.63%; N, 10.86%; S, 4.05%. 



EXAMPLE 108 

N-fN-[N-Morpholinoacetyl-3-(1-naphthy^ 

108(a) N-(t-Butoxycarbonyl)-cyclostatin-isopentylamide 

Following a procedure similar to that described in Example 103(a). but reacting 0.22 ml (1.9 mmoles) of 
isopentylamine (instead of propylamine) and 500 mg (1.59 mmoles) of N-(t-butoxycarbonyl)-cyclostatine. 
600 mg of the title compound were obtained as white crystals. 

108(b) N-fN-[N-Morpholinoacetyl-3-(1-naphth^^ 

Following a procedure similar to that described in Example 103(b). followed by a procedure similar to 
that described in Example 103(c), but reacting 600 mg (1.56 mmoles) of N-(t-butoxycarbonyl)-cyciostatin- 
isopentylamide [prepared as described in step (a) above, instead of the N-(t-butoxycarbonyl)-cyclostatin- 
propylamide] and 425 mg (1.56 mmoles) of N-(t-butoxycarbonyl)-3-(4-thia2olyl)-L-alanine t 828 mg of the 
monohydrate Of the title compound were obtained, melting at 160 - 162°C. 

Elemental analysis: 

Calculated for C^HaNsOeS H2O: 

C, 63.05%; H, 7.74%; N. 10.76%; S. 4.10%. 
Found: 

C, 63.26%; H. 7.62%; N, 10.74%; S, 4.25%. 



EXAMPLE 109 

N.fN-fN-Morpholinoacetyl-3-(1-naph^ 
amide 

1 09(a) N-(t-butoxycarbonyl)-cyclostatin-[(RS)-2-methvlbutyl]amide 

Following a procedure similar to that described in Example 103(a), but reacting 170 mg (1.9 mmoles) of 
(RS)-2-methylbutylamine (instead of the propylamine) and 500 mg (1.59 mmoles) of N-(t-butoxycarbonyI)- 
cyclostatine. 440 mg of the title compound were obtained as white crystals. 

109(b) N-fN-TN-MorpholinoaceWI-3-(1-naphthy^ 
methylbutyl]amide 

Following a procedure similar to that describ d in Example 103(b), follow d by a procedure similar to 
that described in Exampl 103(c). but reacting 550 mg (1.43 mmol s) of N-(t-butoxycarbonylH(RS)-2- 
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methylbutyljamide [prepared as described in step (a) above, instead of the N-(t-butoxycarbonyl)-cyclostatin- 
propylamide] and 390 mg (1 .43 mmoles) of N-{t-butoxycarbonyl)-3-(4-thia20lyl)-L-aianirie. 862.5 mg of the 
hemihydrate of the title compound were obtained, melting at 138 - 140°C. 

Elemental analysis: 

Calculated for C^HssNeOe ■ , / 2 HaO: 

C. 63.79%; H. 7.70 %; N, 10.88%; S, 4.15%. 
Found: 

C, 63.54%; H, 7.67%; N. 10.94%; S. 4.17%. 



EXAMPLE 110 

N-{N-[N-Morpholinoacetyl-3-(1-naphmyl)-L-alanyl]-3-(^^ 

1 1 0(a) N-(t-Butoxycarbonyl)-cyclostatin-hexylamide 

Following a procedure similar to that described in Example 103(a). but reacting 380 mg (3.8 mmoles) of 
hexylamine (instead of the propylamine) and 1.0 g (3.17 mmoles) of N-(t-butoxycarbonyl)-cyclostatine, 1.1 g 
of the title compound were obtained. 



1 1 0(b) N-fN-[N-Morpholinoacetyl-3-(1-naphW 

Following a procedure similar to that described in Example 103(b). followed by a procedure similar to 
that described in Example 103(c). but reacting 1.1 g (2.76 mmoles) of N-(t-butoxycarbonyl)-cyclostatin- 
hexylamide [prepared as described in step (a) above, instead of the N-<t-butoxycarbonyt)-cyclostatin- 
propyiamide] and 750 mg (2.76 mmoles) of N-(t-butoxycarbonyl)-3-(4-rhiazolyl)-L-alanine, 1.40 g of the 
monohydrate of the title compound were obtained, melting at 154 - 156°C. 

Elemental analysis: 
Calculated for C^H^NeOeS HtO: 

C. 63.45%; H t 7.86%; N, 10.57%; S. 4.03%. 
Found: 

C. 63.67%; H, 7.85%; N, 10.60%; S, 4.09%. 

The monohydrate thus obtained was recrystailised from methylene chloride, to give the title compound, 
melting at 180- 182° C. 

Elemental analysis: 
Calculated for C^HeoNeOeS: 

C, 64.92%; H. 7.78%; N, 10.82%; S, 4.13%. 
Found: 

C. 65.02%; H, 7.91%; N, 10.64%; S t 3.97%. 



EXAMPLE 111 

N-(N-fN-(Benzyl-N-methylaminoacefrl)-3-(1-naph 
isopentylamide 

539 mg (1 .0 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanyl-cyclostatin-isopentylamide [prepared 
by a procedure similar to that described in Example 108(a)] and 12 ml of a 4N solution of hydrogen 
chloride in dioxane were added to 4 ml of methanol, .and the mixture was stirred at room temperature for 1 
hour. At the end of this time, the reaction mixture was evaporated to dryness under reduced pressure, and 
the residue was dissolved in 20 ml of anhydrous tetrahydrofuran. 376 mg (1.0 mmole) of N-(benzyl-N- 
methylaminoac tyl)-3-(l-naphthyl)-L-atanin (pr pared as described in Preparation 40) and 510 mg (£0 
mmoles) of triethylamine wer then added to the solution, after which 170 mg (1.0 mmole) of diethyl 
cyanophosphonat (95%) were added dropwise to the mixture, whilst ice-cooling. The mixture was then 
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stirred for 16 hours. At the end of this tim , the reaction mixtur was vaporat d to dryness under r duced 
pressure. The residue was mixed with a small amount of water and th n xtracted with ethyl ac tate. The 
organic extract was washed with water, dried over anhydrous magnesium sufphate and concentrated by 
evaporation under reduc d pr ssure. The residue was triturated with a mixture of m thyl ne chloride and 
5 - hexane to crystalliz it 670 mg of the hemihydrate of the title compound were obtained, m Iting at 128 - 
132°C. 

_ Elemental analysis: 

Calculated for CeHsoNsOsS A /2H 2 0: 
io C, 67.05%; H, 7.63%; N, 10.43%; S, 3.98%. 

Found: . *~ 

C. 67.00%; H, 7.55%; N, 10.43%; S, 3.71%. 



15 EXAMPLE 112 

N-ffrHN-fN-Cyclohexyl-N-methylaminoac 
butyiamide 

20 520 mg (1.0 mmole) of N-(t-butoxycarbonyl)-3-(4-thiazoly!)-L-alanyl-cyclostatin-butyiamide [prepared by 
a procedure similar to that described in Example 104(a)] and 12 ml of a 4N solution of hydrogen chloride in 
dioxane were added to 4 ml of methanol, and the mixture was stirred for 1 hour at room temperature. At the 
end of this time, the reaction mixture was evaporated to dryness under reduced pressure, and the residue 
was dissolved in 20 ml of anhydrous tetrahydrofuran. 370 mg (1.0 mmole) of N-(N-cyclohexyl-N- 

25 methylaminoacetyl)-3-(1-naphthyl)-L-alanine (prepared as described in Preparation 46) and 510 mg (5.0 
mmoles) of triethylamine were then added to the resulting solution, after which 170 mg (1,0 mmole) of 95% 
diethyl cyanophosphonate were added dropwise to the mixture, whilst ice-cooling. The mixture was then 
stirred at room temperature for 17 hours. At the end of this time, the reaction mixture was evaporated to 
dryness under reduced pressure. The residue was mixed with a small amount of water, and the mixture was 

30 extracted with ethyl acetate. The organic extract was washed with water, dried over anhydrous magnesium 
sulphate, and evaporated to dryness under reduced pressure. The residue was triturated with isopropyl 
ether to crystallize it 480 mg of the hemihydrate of the title compound were obtained, melting at 78° C. 

Elemental analysis: 
35 Calculated for C^HeNeOgS V2H2O: 

C, 65.87%; H, 8.10%; N, 10.72%; S. 4.09%. 
Found: 

C, 65.82%; H, 8.16%; N, 10.55%; S, 4.02%. 



40 

EXAMPLE 113 



N-(N-[N-(N-Cyclohexyl-N-methylaminoaceW^ 
hexytamide 

45 

Following a procedure similar to that described in Example 112, but using 400 mg (0.724 mmoles) of N- 
(t-butoxycarbonyl>-3-(4-thia20lyl)-L-alanyl-cyciostatin-hexylamide [prepared by a procedure similar to that 
described in Example 110(a)] and 270 mg (0.724 mmoles) of N-(N-cyclohexyl-N-methylaminoacetyJ)-3-(1 : 
naphthyl)-L-alanine (prepared as described in Preparation 46). 380 mg of the hemihydrate of the title 
so compound were obtained, melting at 117 - 119°C. 

Elemental analysis: 

Calculated for C^HesNeOsS V2H2O: 

C, 66.55%; H, 8.32%; N. 10.35%; S. 3.95%. 
55 Found: . 

C, 66.55%; H, 8.31%; N. 10.49%; S. 4.11%. 
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EXAMPLE 114 

N-{N-[N-Morpholinoacetyl«3-(1-naphthylK^ 
amide 

5 

1 1 4(a) N-[N-(t-Butoxycarbonyl)-3-(5-isoxazolyl)-L-alany lhcyclostatin-f (S)-2-methyibuty l]amide 

Following a procedure similar to that described in Example 98(b), but reacting 330 mg (1.3 mmotes) of 
N-(t-butbxycarbonyl)-3-{5-isoxa2olyl)-L-alanine [prepared as described in Preparation 8, instead of the N-(t- 
io butoxycarbonyl)-3-(4-thiazo!yl)-L-alanine] and 500 mg (1.3 mmoles) of N-(t-butoxycarbonyl)-cyclostatin-[(S)- 
2-methylbutyl]amide [prepared as described in Example 29(a)], 520 mg of the title compound were 
obtained. 



'5 114(b) N-fN-[N-MorphoHnoacetyl-3-(1-naphmyl^ 
methyibutyl]amide 

Following a procedure similar to that described in Example 98(b). but reacting 200 mg (0.38 mmoles) of 
N-(N-(t-butoxycaifconyl)-3-(5-isoxazoW {prepared as de- 

20 scribed in step (a) above, instead of the N-[N-(t-butoxycarbonyl)-3-(4-thia20lyl)-L-alanyl>cyclostatin-[(S)-2- 
methylamide]} and 130 mg (0.38 mmoles) of N-morpho|inoacetyl-3-(1-naphthyl)-L-alanine (prepared as 
described in Preparation 35), 260 mg of the dihydrate of the title compound were obtained, melting at 124 - 
126°C. 

25 Elemental analysis: 

Calculated for C^HaNeO; 2 2H 2 0: 

C. 62.89%; H. 7.98%: N, 10.73%. 
Found: 

C, 62.63%: H, 7.76%: N, 10.50%. 

30 

EXAMPLE 115 

N-{N-[N-(N-Benzyl-N-methylami 
35 2-methylbutyllamide 

Following a procedure similar to that described in Example 114, but reacting 120 mg (0.38 mmoles) of 
N-(N-ben2yl-N-methylaminoacetyl)-3-(l^aphthyl)-L-alanine [prepared as described in Preparation 40. in- 
stead of the N-morpholinoacetyl)-3-(1-naphthyl)-L-alanine] and 200 mg (0.38 mmoles) of N-(t-butoxycar- 
40 bonyl)-3-(5-isoxazolyl)-L-alanyl^ [prepared as described in Preparation 

114(a)], 220 mg of the sesquihydrate of the title compound were obtained, melting at 138 - 140°C. 

Elemental analysis: 
Calculated for CiiHaNsOs 3/2H2O: 
45 C. 64.97%; H. 8.1 1%: N, 1 1.09%. 
Found: 

C, 64.83%;JH, 7.98%: N, 10.71%. 



50 EXAMPLE 116 

N-fN-[N-(*N-Benzyl-N-methyJ 
methylbutyllamide 
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1 1 6(a) N-fN-(t-butoxvcarboQvt)-L4iistidvll-cyclostatin-[(RS)-2"methvlbutvl]amide 

2.5 g' (6.5 mmoles) of N-(t-butoxYcartonyl)-cyclostatin-[(^)-2-methylbutyl]amid^ [prepared as de- 
scribed in Example 29(a)] were dissolv d in 30 ml of a 4N solution of hydrog n chloride in dioxane. and 

5 then th solution was stirred for 1 hour at room temperature. At th nd of this time, the reaction mixture 
was evaporated to dryness under reduced pressure. The residue was dissolved in 20 ml of dimethylfor- 
mamide. and then 3.29 g (32.5 mmoles) of triethylamine and 2.16 g (8.45 mmoles) of N-(t-butoxycarbonyl)- 
L-histidine were added to the resulting solution. 1.45 g (8.45 mmoles) of diethyl cyanophosphonate_(95%) 
were then added dropwise to the solution, which was then stirred for 18 hours, whilst ice-cooling. At the end 

70 of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and the residue 
was mixed with a small amount of water and then extracted with ethyl acetate. The organic extract was 
washed with a 5% w/v aqueous solution of sodium bicarbonate and with a saturated aqueous solution of 
sodium, chloride, in that order, and dried over anhydrous sodium sulphate, after which the solvent was 
removed by evaporation under reduced pressure. The residue was purified by silica gel thin-layer $ 

is chromatography (developing solvent a 1 0 : 1 by volume mixture of methylene chloride and methanol), to 
afford 2.03 g of the title compound. 

116(b) N-(N-[N-(N-Benzyl-N-methy^ 
20 methylbutyl]amide 

0.52 g (1 .0 mmole) of N-[N-(t-butoxycarbonyl)-L-histidyl]-cyclostatin-[(RS)-2-methylbutyl]amide 
[prepared as described in step (a) above] was dissolved in 7.5 ml of a 4N solution of hydrogen chloride in 
dioxane and stirred for 1 hour. At the end of this time, the reaction mixture was evaporated to dryness 

25 under reduced pressure. The residue was dissolved in 5 mi of dimethylformamide. and then 0.51 g (5.0 
mmoles) of triethylamine and 0.45 g (1.2 mmoles) of N-(N-benzyhN-methylaminoacetyl)-3-(1-naphthyl)-L- 
alanine (prepared as described in Preparation 40) were added to the resulting solution. 0.21 g (1.2 mmoles) 
of diethyl cyanophosphonate (95%) were then added dropwise to the mixture, after which it was stirred for 
17 hours, whilst ice-cooling. At the end of this time, the reaction mixture was concentrated by evaporation 

30 under reduced pressure, and the residue was mixed with a small amount of water and then extracted with 
ethyl acetate. The organic extract was washed with a 5% w/v aqueous solution of sodium bicarbonate and 
with a saturated aqueous solution of sodium chloride, in that order, and dried over anhydrous sodium 
sulphate, after which the solvent was removed by evaporation under reduced pressure. The residue was 
purified by silica gel thin-layer chromatography (developing solvent: a 10 ; 1 by volume mixture of 

35 methylene chloride and methanol), to afford 0.54 g of the sesquihydrate of the title compound, melting at 
103 - 106°C. 

Elemental analysis: 
Calculated for CasHsiNrOs '^hfeO: 
40 C. 66.97%; H. 7.99%; N, 12.15%. 
Found: 

C. 66.93%; H, 7.70%; N, 12.09%. 



45 EXAMPLE 117 

N-(N-[N-(N-cyclohexyl-N-methylaminoacetyl)-3-(1 -naphthy!)-L-alanyl]-L-histidyiVcyclostatin-[(RS)"2- 
methylbutyl]amide 

so Following a procedure similar to that described in Example 116(b), but reacting 0.66 g (1.8 mmoles) of 
N-(N-cyclohexyl-N-methylaminoacetyl)-3-(1-naphthyl)-L-alanine [prepared as described in Preparation 46, 
instead of the N-(N-benzyl-N-methylaminoacetyl)-3-(1^naphthyl)-L-alanine) and 0.78 g (1.5 mmoles) of N-[N- 
(t-butoxycarbonyl)-L-histidyl]-cyclostatin-[(RS>2-methylbutyl]amide. 0.62 g of the dihydrate of the title 
compound was obtained, melting at 110 - 113°C. 

55 

Elem ntal analysis: 
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Calculated for CaM&NjOs 2H2O: 

C. 65.40%; H. 8.61%; N, 12.13%. 
Found: 

C. 65.44%; H, 8.31%: N. 12.10%. 

5 

EXAMPLE 118 

N-[N-(N-Moipholinoacetyl-L-phenylalanyl)-3-(4-thiazo^ 

10 

350 mg (0.69 mmoles) of N-[N-(t-butoxycarbony1)-3-(4-M 
[prepared as described in Example 103(b)] and 10 ml of a 4N solution of hydrogen chloride in dioxane were 
added to 2 ml of methanol, and then the mixture was stirred for 1 hour at room temperature. At the end of 
this time, the reaction mixture was evaporated to dryness under reduced pressure, and the residue was 

is dissolved in 15 ml of anhydrous tetrahydrofuran. 200 mg (0.69 mmoles) of N-morpholinoacetyl-L- 
phenylalanine and 350 mg (3.45 mmoles) of triethylamine were then added to the solution, after which 120 
mg (0.69 mmoles) of 95% diethyl cyanophosphonate were added dropwise, whilst ice-cooling. The mixture 
was then stirred for 4 hours at the temperature of ice-cooling, and then the solution was allowed to stand 
overnight at room temperature. The reaction mixture was then evaporated to dryness under reduced 

20 pressure. The residue was mixed with a small amount of water and then extracted with ethyl acetate. The 
organic extract was washed with water, dried over anhydrous magnesium sulphate and concentrated by 
evaporation under reduced pressure. The residue was triturated with a mixture of methylene chloride and 
hexane to crystallize it. 360 mg of the hemihydrate of the title compound were obtained, melting at 162 - 
163°C. 

25 

Elemental analysis: 

Calculated for CsHsNeOe • 1 /2H 2 0: 

C, 60.58%; H, 7.70%: N t 12.1 1%; S. 4.62%. 
Found: 

30 C, 60.82%; H, 7.70%; N. 12.08%, S, 4.66%. 



EXAMPLE 119 

35 N-[N-(N-Mon3holinoacetyl-L-phenvlalanyl^^ 

Following a procedure similar to that described in Example 118. but reacting 520 mg (1.0 mmole) of N- 
[N-(t-butoxycarbonyl)-3^thiazo!yl)^ [prepared by a procedure similar to that 

described in Examples 103(a) and fo3(b), except that the propylamine in Example 103(a) was replaced by 
40 butylamine] {instead of the N-[N-(t-butoxycarbonyl)-3^thi and 
290 mg (1.0 mmole) of N-morpholinoacetyl-L-phenylalanine. 450 mg of the monohydrate of the title 
compound were obtained, melting at 152 - 153°C. 

Elemental analysis: 
45 Calculated for CsHaNeOeS H2O: 

C, 60.31%; H, 7.87%; N, 11.72%; S, 4.47%. 
Found: 

C, 60.11%; H, 7.57%; N, 11.81%; S. 4.43%. 

50 

EXAMPLE 120 

N-[N-(N-Morpholinoacetyl-L-phenylalanyl)-3^ 

55 Following a procedure similar to that described in Example 118, but reacting 450 mg (0.86 mmoles) of 
N^[N-^butoxycart>onyl)-a-(4-thiazoly^ [prepared by a procedure similar 

to that d scribed in Examples I03(aj and 103(b), except that the propylamine in Example 103(a) was 
replaced by isobutylamine] {instead of the N-[N-(t-butoxycarbonyl)-3-(4-thia26lyl)-L-alanyl]-cyclostatin- 
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propylamide} and 250 mg {0.86 mmoles) of N-morpholinoacety I- L-pheny (alanine . 450 mg of th mon 
ohydrate of the title compound were obtained, melting at 146 - 148°C. 

Elemental analysis: 
Calculated for CsHsiNsOeS H 2 0: 

C. 60.31%; H t 7.87%; N, 11.72%; S, 4.47%. 
Found: 

C, 60.61 %; H, 7.78%; N, 1 1 .83%; S. 4.61 %. 



EXAMPLE 121 

N-fN-(N-Morpholinoacetyl-L-phenylalanyl^ 

Following a procedure similar to that described in Example 118, but reacting 360 mg (0.67 mmoles) of 
N.(N-(t-butoxycarbonyl-3-(4-W [prepared by a procedure similar to 

thaFdescribed in Examples 103(a) and 103(b). except that the propylamine in Example 103(a) was replaced 
by pentylamine] {instead of the N-[N-(t-birtoxycait>onyl)-3^ 

and 205 mg (0.7 mmoles) of N-morpholinoacetyl-L-phenylalanine, 387 mg of the title compound were 
obtained, melting at 155 - 160°c7" 

Elemental analysis: 
Calculated for CsrHssNsOeS: 

C, 62.33%; H, 7.92%; N, 11.79%; S f 4.50%. 
Found: 

C. 62.04%; H, 7.93%; N, 11.73%; S, 4.54%. 



EXAMPLE 122 

N.rN.(N-M OI pholinoacetyl-L-phenylate^ 

Following a procedure similar to that described in Example 118, but reacting 830 mg (1.54 mmoles) of 
N-[N-{t-butoxycarbonyl)-3-(4-W [prepared by a procedure similar 

to that described in Examples 103(aJ and 103(b), except that the propylamine in Example 103(a) was 
replaced by isopentylamine] {instead of the N-[N-(t-butoxyc^onylh3-(4-thi 

propylamide} and 468 mg (1.6 mmoles) of N-morpholinoacetyl-phenyl-L-aianine, 803 mg of the mon- 
ohydrate of the title compound were obtained, melting at 164 - 167°C. 

Elemental analysis: 
Calculated for CsHssNeOeS H2O: 

C/60.79%; H, 8.00%; N, 11.50%; S, 4.39%. 
Found: 

C, 60.90%; H, 7.86%; N, 11.36%; S. 4.34%. 



EXAMPLE 123 

N-fN^N-MorphoHnoacetyl-L-phenylalanyQ 

Following a procedure similar to that described in Example 118, but reacting 630 mg (1.17 mmoles) of 
N-[N^t-butoxycarbonyl)-3^ {prepared by a proce- 

dure similar to that described in Example 1(a), instead of the N-[N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L- 
a!anyl]-cyclostatin-propylamide} and 380 mg (1 .3 mmoles) of N-morpholinoacetyl-L-phenylalanine, 727 mg 
of the monohydrate of the title compound were obtained, melting at 160.- 162°C. 

Elemental analysis: 
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Calculated for CrHsNeOeS H2O: 

C, 60.79%; H, 8.00%; N. 11.50%; S. 4.39%. 
Found: 

C. 60.79%; H, 7.84%; N t 11.46%; S, 4.58%. 



EXAMPLE 124 

N-[N-(N-Morpho!inoacetyl-L-pte^ 

Following a procedure similar to that described in Example 118, but reacting 500 mg (0.9 mmoles) of 
N^N^t-butoxyc£rbonyl)-3-(4-fr^ [prepared by a procedure similar to 

that described in Examples 103(a) and 103(b). except that the propylamine in Example 103(a) was replaced 
by hexylamine] {instead of the N-{N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-ala^^ and 
260 mg (0.9 mmoles) of N-morpholinoacetyl-phenyl-L-alanine, 530 mg of the monohydrate of the title 
compound were obtained, melting at 154 - 156°C. 

Elemental analysis: 
Calculated for CaHsNeOeS H2O: 

C, 61.26%; H. 8.12%; N, 11.28%; S, 4.30%. 
Found: 

C. 61.56%; H. 8.06%; N. 11.39%; S. 4.39%. 



EXAMPLE 125 

N-[N-(N-Morpholinoacetyl-L-phenylalanyl)-L-leucyl]-cyclostatin-[(S)"2*methylbutyl)amide 

1 25(a) N-[N-(t*Butoxycarbonyl)-L'leucylhcyclostatin-{(S)-2-methylbutyl1amide 

Following a procedure similar to that described in Example 98(b). but reacting 1.32 g (5.3 mmoles) of 
N-(t-butoxycarbonyl)-L-leucine and 1.7 g (4.42 mmoles) of N-(t-butoxycarbonyl)-cyciostatin-[(S)-2- 
methylbutyljamide instead of the N-(t-butoxycarbonyl)-3-(4-thiazolyl)-L-alanine. 1 .82 g of the title compound 
were obtained. 



1 25(b) N-[N-(N-Morpholinoacetyl-L-phenylalanyl)-L-leucylI-cyclostatin'[(S)-2-methylbutyl1amide 

Following a procedure similar to that described in Example 123, but reacting 200 mg (0.4 mmoles) of 
N-[N-(t-butoxycarbonylH-leucytHyclost {prepared as described in step (a) 

above, instead of the N-[N-(t-butoxycarbonyl)-3^4-thiazolyO^^ 

and 118 mg (0.4 mmoles) of N-morpholinoacetyl-L-phenylaianine, 228 mg of the monohydrate of the title 
compound were obtained as an amorphous powder. 
Silica gel thin layer chromatography, Rf value 0.46. 

Elemental analysis: 
Calculated for C^HetNsOe H7O: 

C. 64.41%; H, 9.20%; N, 10.15%. 
Found: 

C. 64.08%; H. 9.08%: N. 9.99%. 



EXAMPLE 126 
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N-{N-[N-(N-cyclohexyl-N-methylam^ 

Following- a procedure similar to that described in Exampl 125. but r acting 150 mg (0.48 mmoles) of 
N-{N-cyclohexyl-N-methylaminoacetylH-phenylalanin (prepared by a procedure similar to that described 
s in Pr paration 46, instead of N-morpholinoacetyl-L-phenylalanine) and 200 mg (0.4 mmoles) of N-[N-(t- 
butoxycarbonyl)-L-leucyl]-cyclostatin-[(S)-2-methylbutyl]amide [prepared as described in Example 125(a)], 
260 mg of the 2.5-hydrate of the title compound were obtained as an amorphous powder. 
Silica gel thin layer chromatography. Rf value 0.80. 

10 Elemental analysis: 

Calculated for C^NgOs *hHzO: 

C, 64.66%; H, 9.77%; N, 9.43%. 
Found: 

C. 64.83%; H. 9.49%; N, 9.20%. # 

15 

PREPARATION 1 * 
N-[3-(1-Naphthyl)propionylHSH-)-4-benzyl-2-oxazoiidinone 

20 

14,8 mmole of butyllithium in hexane were added dropwise to a solution of 2.63 g (14.8 mmole) of (S)-(- 
)-4-benzyl-2-oxazolidinone dissolved in 50 ml of anhydrous tetrahydrofuran at -78°C under an atmosphere 
of nitrogen. The mixture was stirred for 30 minutes at this temperature, and then 2.95 g (13.5 mmole) of 1- 
naphthylpropionyl chloride in 15 ml of anhydrous tetrahydrofuran were slowly added dropwise at the same 

25 temperature; the mixture was then stirred for 3 hours. At the end of this time, a saturated aqueous solution 
of sodium chloride was added to the mixture, and the mixture was extracted with ethyl acetate. The extract 
was dried over anhydrous magnesium sulphate, and then freed from the solvent by evaporation under 
reduced pressure. The residue was purified by silica gel column chromatography (eluent: a 1.: 4 by volume 
mixture of ethyl acetate and hexane), to afford 4.65 g (96%) of the title compound as a white amorphous 

30 substance. 

Mass Spectrum m/e: 359 (M + ). 



35 PREPARATION 2 

N-[(2-Benzyloxycarbonvl)methyl-3-(1-naphthyl)propionylHSH")-4^enzvi-2^xa20lidinone 

15.6 mmole of butyllithium in hexane were added dropwise to a solution of 2.18 ml (15.6 mmole) of 
40 diisopropylamine dissolved in 40 ml of anhydrous tetrahydrofuran at -78°C under an atmosphere of 
nitrogen, and then the mixture was stirred for 15 minutes at the same temperature. A solution of 4.65 g 
(12.9 mmole) of N-t3-(1-naphthyl)propionyl]-(§H-H-benzyI-2-oxazolidinone (prepared as described in Prep- 
aration 1) dissolved in 15 ml of anhydrous tetrahydrofuran was then slowly added dropwise to the above 
mixture at the same temperature, and the mixture was stirred for 30 minutes. At the end of this time, 6.13 
45 ml (38.7 mmole) of benzyl bromoacetate were added to the mixture, which was then stirred for 6 hours at 
the same temperature. At the end of this time, 15.6 ml of 1N aqueous hydrochloric aci(3Land 100 ml of a 
saturated aqueous solution of sodium chloride were added to the mixture. The mixture was then extracted 
with ethyl acetate. The extract was dried over anhydrous magnesium sulphate and concentrated by 
evaporation under reduced pressure. The residue was purified by medium pressure silica gel column 
so chromatography (eluent a 1 : 6 by volume mixture of ethyl acetate and hexane), to afford 3.23 g (49%) of 
the title compound as a colourless oil. 

Mass Spectrum m/e: 507 (M*), 

55 Elemental analysis: 
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Calculated for C32H29NO5: 

C, 75.72%; H. 5.76%; N, 2.76%. 
Found: 

C, 75.34%; H. 5.90%; N, 2.76%. 

s 

PREPARATION 3 

N-[2-(Morpho1inocarbonyl)methyl-3-(l-naphthyl)pro^^ 

10 

A solution of 1.60 g (3.15 mmole) of N^(2^en2yloxycaitonyl)methyi-3-(1-naphthyl)propionyl]-(SK-)-4- 
benzyl-2-oxazolidinone (prepared as described in- Preparation 2) dissolved in 100 ail of ethanol was stirred 
in an atmosphere of hydrogen and* in the presence of 200 mg of a 10% w'w palladium-on-carbon catalyst at 
room temperature for 3 hours. At the end of this time, the catalyst was removed by filtration, and the filtrate 

15 was concentrated by evaporation under reduced pressure, to afford 1.30 g (99%) of the corresponding free 
carboxylic acid, which was dissolved in 20 ml of anhydrous tetrahydrofuran. 0.33 ml (3.78 mmole) of 
morpholine was added to the solution, after which 0.57 ml (3.76 mmole) of diethyl cyanophosphonate 
(95%) and 0.52 ml of triethylamine were added, whilst ice-cooling, under an atmosphere of nitrogen. The 
mixture was stirred at the same temperature for 3 hours, after which it was freed from the solvent by 

20 evaporation under reduced pressure. The residue was purified by medium pressure column chromatog- 
raphy through silica gel (eluent: a 2 : 1 by volume mixture of ethyl acetate and hexane), to afford 1.23 g 
(81%) of the title compound as white crystals, melting at 80 - 82°C. 

Mass Spectrum nrve: 486 (M + ) 
25 [a] " = 107.9 (c = 0.42, methanol). 

Elemental analysis: 
Calculated for CaHxN^: 

C. 71.59%: H, 6.21-%; N. 5.76%. 
30 Found: 

C. 70.07%; H. 6.12%; N, 5.71%. 



PREPARATION 4 

35 

(2R)-3-(Morpholinocarbonyl)-2-(1 -naphthylmethyQpropionic acid 

221 mg (5.27 mmole) of lithium hydroxide monohydrate were added, whilst ice-cooling, to a solution of 
1.28 g (2.63 mmole) of N-[2-(morpholinocajfconyl)methyI-3-(1-naph 

40 azolidinone (prepared as described in Preparation 3) dissolved in a mixture of 40 mi of tetrahydrofuran and 
10 ml of water. The mixture was stirred at the same temperature for 3 hours, after which it was freed from 
the solvent by evaporation under reduced pressure. A 10% w/v aqueous solution of sodium hydroxide was 
added to the residue, and the mixture was extracted with methylene chloride. The aqueous layer was 
separated, adjusted with hydrochloric acid to a pH value of 2 and then extracted with methylene chloride. 

45 The extract was dried over anhydrous magnesium sulphate, and the solvent was removed by distillation 
under reduced pressure, to afford 750 mg (87%) of the title compound as white crystals, melting at 62 - 
66'C. 

Mass Spectrum m/e: 328 (M + + 1). 
50 [a] £ 6 = +5.0° (c = 0.18, methanol). 

PREPARATION 5 • 

55 
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Diethyl 5-isoxazolylmethylacetamidomalonate 

3.1 g (70.7 mmol ) of sodium hydride (as a 55% vww dispersion in mineral oil) wer added to a solution 
of 14.0 g (6.43 mmole) of di thyl acetamidomalonate dissolved in 150 ml of dimethylformamide, whilst ice- 

s cooling, and the mixture was stirred for 1 hour. At the end of this time, 23.9 g (0.148 mmole) of 5- 
bromomethylisoxazol were added to the reaction mixture, which was then stirred at room temperature for 
4.5 hours. The reaction mixture was then concentrated by evaporation under reduced pressure, and the 
residue was mixed* with water and extracted with ethyl acetate. The extract was washed with water and 
dried over anhydrous magnesium sulphate, after which it was concentrated by evaporation under reduced 

10 pressure. The residue was purified by silica gel column chromatography (eluent: a 1 : 2 by volume mixture 
of ethyl acetate and hexane), to afford 14.78 g (77.1%) of the title compound, melting at 75 - 76 °C. 



PREPARATION 6 * 

75 

3-(5-lsoxazoM)-DL-alanine hydrochloride 

120 ml of 6N aqueous hydrochloric acid were added to a suspension of 19.0 g (63.7 mmole) of diethyl 
5-isoxazolylmethylacetamidomalonate (prepared as described in Preparation 5) in 40 ml of ethanoi, and the 
20 mixture was heated under reflux and with stirring for 13 hours. At the end of this time, the reaction mixture 
was concentrated by .evaporation under reduced pressure, and the residue was triturated with acetone to 
afford crystals, which* were collected by filtration. These crystals were washed with acetone and dried, to 
give 12.45 g (100%) of the title compound. 

25 Elemental analysis: 

Calculated for CeHaNzOa-HCI: 

C. 37.42%; H, 4.71%; N, 14.55%; CI, 18.41%. 
Found: 

C. 37.54%; H, 4.68%; N, 14.43%; CI, 18.37%. 

30 

PREPARATION 7 

N-Acetyl-3-(5-isoxazolyl)-DL-alanine 

35 

20 ml of pyridine and 20 mi of acetic anhydride were added to a solution of 12.45 g of 3-(5-isoxazolyl)- 
DL-alanine hydrochloride (prepared as described in Preparation 6) dissolved in 100 ml of methanol, whilst 
ice-cooling. The mixture was then stirred at room temperature for 8 hours, after which it was allowing to 
stand overnight. The mixture was then freed from the solvent by evaporation under reduced pressure. The 
40 residue was mixed with water and then extracted with ethyl acetate. The extract was dried over anhydrous 
magnesium sulphate, and the solvent was removed by distillation under reduced pressure, to afford 10.39 g 
(82.3%) of the title compound as a brown oil. 



45 PREPARATION 8 

N-(t-ButyroxycarbonylH5-isoxazolyl)-L'alanine 

A solution of 10.39 g (52.4 mmole) of N-acetyl-3-(5-isoxazolyt)-DL-alanine dissolved in 100 ml of water ^ 
so was adjusted to a pH value of 7.5 by adding a 2N aqueous solution of sodium hydroxide. 2.0 g of acyiase 
were added to the resulting solution, and the mixture was stirred at 38°C for 24 hours. At the end of this 
time, the reaction mixture was filtered and the filtrate was adjusted to a pH value of 1 by adding 
concentrated hydrochloric acid. The mixture was agitated with ethyl acetate, and the aqueous layer was 
separated and adjusted to a pH value of 10 by adding potassium carbonate. 20 g of di(t-butoxy)dicarbonate, 
55 40 ml of acetone and 100 ml of methanol were added to the solution, and the mixture was stirred at room 
temperature for 2.5 hours. It was then allowed to stand overnight after which it was concentrat d by 
vaporation under reduced pr ssure. 100 ml of water were added to th residue, and the mixture was 
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adjusted to a pH valu of 2.0 by adding citric acid. The reaction mixture was th n xtracted with ethyl 
acetate, and the xtract was dried over anhydrous magnesium sulphate. The solvent was removed by 
distillation, and the residue was purified by silica gel column chromatography (eluent: a 95 : 5 by volume 
mixtur of chloroform and methanol), to afford 2.99 g (22.3%) of the title compound as an oil. 

5 

PREPARATION 9 

t-Butyl 3-(1-naphthyl)propionate 

10 

18.7 g (0.333 mmole) of potassium hydroxide were added to a solution of 20 g (66.6 mmole) of diethyl 
(l-naphthyl)methylmalonate dissolved in 200 ml of 80% v/v aqueous methanol. The mixture was then stirred 
at room temperature for 1 hour, after which it was concentrated by evaporation under reduced pressure. 
The residue was dissolved in water, and the resulting solution was washed with ethyl acetate. The aqueous 

is solution was acidified with concentrated hydrochloric acid and then extracted with methylene chloride. The 
organic layer was dried over anhydrous magnesium sulphate and concentrated by evaporation under 
reduced pressure. The residue was decarboxylated by heating at 200*C for 30 minutes, and was then 
suspended in 200 ml of diethyl ether. 19 ml of t-butanol. 16.5 g (80 mmole) of dicyclohexylcarbodiimide 
and 0.8 g of N t N-dimethylaminopyridine were added to the suspension. The mixture was allowed to stand 

20 for 24 hours. The precipitated insoluble materials were removed by filtration, and the filtrate was con- 
centrated by evaporation under reduced pressure. The residue was purified by column chromatography 
through silica gel (eluent: methylene chloride), to afford 12.18 g (71.4%) of the title compound as a pale 
yellow oil. 

25 Nuclear Magnetic Resonance Spectrum (CDCh) 5 ppm: 
1.43 (9H. singlet); 
7.2 - 8.2 (7H. multiplet). 



30 PREPARATION 10 

t-Butyl 2-(l-naphthylmethylH-pentenoate 

A mixture of 100 ml of anhydrous tetrahydrofuran and 10 ml of diisopropylamine was cooled to -78°C. 

35 51 ml (71.4 mmole) of butyllithium in hexane were added to the mixture, which was then stirred for 15 
minutes. At the end of this time, a solution of 12.18 g (47.5 mmole) oM-butyl 3-{l-naphthyl)propionate 
(prepared as described in Preparation 9) dissolved in 20 ml of anhydrous tetrahydrofuran was added to the 
reaction mixture, and then the mixture was stirred for 15 minutes. 6.9 g (57 mmole) of allyl bromide were 
added, and the temperature of the mixture was allowed to rise to room temperature, at which temperature it 

40 was stirred for 2 hours. The reaction mixture was then mixed with water and extracted with ethyl acetate. 
The organic extract was washed with a saturated aqueous solution of citric acid, with a saturated aqueous 
solution of sodium bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, dried 
over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure. The residue 
was purified by column chromatography through silica gel (eluent: a 10 : 90 by volume mixture of ethyl 

45 acetate and hexane), to afford 12.92 g (91.8%) of the title compound as a pale yellow oil. 

Nuclear Magnetic Resonance Spectrum: (CDCh) & Ppm: 
1.30 (9H. singlet): 
7.2 - 8.2 (7H. multiplet). 

50 

PREPARATION 1 1 

t-Butyl 4,5-epoxy-2-(1 -naphthylmethyl)pentanoate 

55 

A mixture of 12.92 g (43.6 mmole) of t-butyl 2-{l-naphthylmethyl)-4-pentenoate (prepared 3s described 
in Preparation 10), 11.29 g (65.4 mmole) of m-chloroperbenzoic acid and 100 ml of methylene chloride was 
stirred at room temperature for 24 hours. At the end of this time, th reaction mixture was washed with a 
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saturated aqueous solution of sodium bicarbonate and with a saturat d aqueous solution of sodium chloride, 
in that order, after which it was dried over anhydrous magnesium sulphat and concentrated by vaporation 
under reduced pressure. The residue was purified by column chromatography through silica gel (eluent: a 5 
: 95 by volume mixtur of methanol and methylene chloride), to afford 4.57 g (33.6%) of the title compound 
s as a pale yellow oil. 

Nuclear Magnetic Resonance Spectrum: (CDCb) 6 ppm: 
1.33 (9H t doublet); 
7.2 - 8.2 (7H. multiplet). 

10 

PREPARATION 12 

t*Butyl 4-hydroxy"5-morpholino*2'(1*naphthylmethyl)pentanoate 

15 

A mixture of 2 g (6.4 mmole) of t-butyl 4,5-epoxy-2-(1-naphthylmethyi)pentanoate (prepared as 
described in Preparation 11). 0.84 ml of morpholine and 50 ml of methanol was stirred at room temperature 
for 6 hours and then allowed to stand overnight. The reaction mixture was then concentrated by evaporation 
under reduced pressure. The residue was purified by column chromatography through silica gel (eluent: a 
20 10 : 90 by volume mixture of methanol and methylene chloride), to afford 1.96 g (76.6%) of the title 
compound as a pale yellow oil. 

Nuclear Magnetic Resonance Spectrum: (CDCb) 5 ppm: 
1.30 (9H, singlet); 
25 7.2 - 8.2 (7H, multiplet). 



PREPARATION 13 

30 t-Butyl 5*morpholino-2-(1'naphthylmethyl)-4-oxopentanoate 

2.3 g (147 mmole) of a sulphur trioxide/pyridine complex and 2.1 ml of triethylamine were added at 
room temperature to a solution of 1.96. g (4.91 mmole) of t-butyl 4-hydroxy-5-morphoiino-2-(1-naphthyl- 
methyOpentanoate (prepared as described in Preparation 12) dissolved in 20 ml of anhydrous dimethyl 

35 sulphoxide. The mixture was stirred for 6 hours, allowed to stand overnight and then mixed with water, after 
which it was extracted with ethyl acetate. The organic layer was washed with water and with a saturated 
aqueous solution of sodium chloride, in that order, and dried over anhydrous magnesium sulphate. It was 
then concentrated by evaporation under reduced pressure. The residue was purified by column chromatog- 
raphy through silica gel (eluent a 10 : 90 by volume mixture of methanol and methylene chloride), to afford 

40 1 .30 g (66.7%) of the title compound as a pale brown oil. 

Nuclear Magnetic Resonance Spectrum: (CDCb) 5 ppm: 
1.38 (9H, singlet); 
7.2 - 8.2 (7H ( multiplet). 

45 

PREPARATION 14 

5-Morpholino-2-(1 -naphthylmethy l)-5-oxopentanoic acid 

so 

8.17 g (0.19 mole) of sodium hydride (as a 55% ww dispersion in mineral oil) were added, with ice- 
cooling, to a solution of 25 g (0.16 mole) of dimethyl giutarate and 23.4 g (0.16 niole) of 1 -naphthaldehyde 
dissolved in 200 ml of anhydrous methanol. The mixture was heated under reflux for 30 minutes, after 
which 190 ml (0.19 mole) of a 1N aqueous solution of sodium hydroxide were added and the mixture was 
55 heated under reflux for a further 1 "hour. The solvent was then removed by distillation under reduced 
pressure, and the residue was mixed with water and then washed with diethyl ether. The aqueous layer was 
acidified -and extracted with diethyl ether. The ethereal layer was washed with a saturated aqueous solution 
of sodium chloride and then dried over anhydrous magnesium sulphate. The solvent was removed by 
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distillation under reduced pressure, and then diisopropyi ether was added to the residue to precipitate 
crystals, which were collected by filtration to give 18.5 g of 2-(l-riaphthylmethylene)glutaric acid. 

100 ml of acetic anhydride were added to 10 g (37 mmoie) of 2-(1-naphthylmethylene)giutaric acid 
(prepared as described above), and the mixture was stirred at 60°C for 1 hour. At the end of this time, the 

5 solvent was removed by distillation under reduced pressure, and then a 1 : V by volume mixture of benzene 
and hexane was added to the residue to precipitate crystals, which were collected by filtration to giv 8.1 g 
of 2-{l-naphthylmethyl ne)glutaric anhydrid . 

7.5 g (30 mmole) of 2-(1-naphthylmethylene)glutaric anhydride (prepared as described above) were 
dissolved in 70 ml of methylene chloride, and 2.85 ml (33 mmole) of morpholine were added to the 

to resulting solution. The mixture was stirred at room temperature for 4 hours. At the end of this time, the 
reaction mixture was washed with a 5% v/v aqueous solution of citric acid and with a saturated aqueous 
solution of sodium chloride, in that order, after which it was dried over anhydrous sodium sulphate and 
freed from the solvent by evaporation under reduced pressure, to give 10.0 g (30 mmole) of 5-morpholino- 
2-p -naphthylmethylene)-5-oxopentanoic acid. 

is 5 g (14.8 mmole) of the 5-morpholino-2-(l-naphthylmethylene)-5-oxopentanoic acid (prepared as 
described above) were dissolved in 50 ml of methanol and hydrogenated in an atmosphere of hydrogen at 
atmospheric pressure and in the presence of 1.0 g of a 10% w/w pailadium-on-carbon catalyst. The catalyst 
was then removed by filtration, and the solvent was removed by distillation under reduced pressure. The 
residue was triturated with diethyl ether to precipitate crystals, which were collected by filtration to give 4.5 

20 g of 5-morpholino-2-(1-naphthylmethyl)-5-oxopentanoic acid as white crystals, melting at 130 - 135*C. 

Elemental analysis: 
Calculated for CaHzjNO*: 

C. 70.36%; H. 6.79%; N, 4.10%. 
25 Found: 

C. 69.86%; H. 6.90%; N, 3.98%. 



PREPARATION 15 

30 

Diethyl (3.3-dimethyl-2-oxobutylH 1 -naphthy ImethyQmalonate 

5.00 g (16.9 mmole) of diethyl (l--naphthylmethyl)malonate were dissolved in 50 ml of anhydrous 
dimethylformamide. and 1.00 g (18.5 mmole) of sodium methoxide was added to the solution, whilst ice- 

35 cooling, after which the mixture was stirred for 30 minutes. At the end of this time, a solution of 3.31 g (18.5 
mmole) of 1-bromopinacolone (i.e. l-bromo-3,3-dimethyl-2-butanone) dissolved in 10 ml of anhydrous 
dimethylformamide was added dropwise to the mixture, which was then stirred overnight at room tempera- 
ture. The solvent was then removed by distillation under reduced pressure, and the resulting residue was 
mixed with a saturated aqueous solution of sodium chloride and extracted with ethyl acetate. The extract 

40 was dried over anhydrous magnesium sulphate, and the solvent was removed by evaporation under 
reduced pressure. The residue was purified by column chromatography through silica gel (eluent: a 6 : 1 by 
volume mixture of hexane and ethyl acetate), to afford 5.51 g (82%) of the title compound as a colourless 
oil. 

45 Mass Spectrum m/e: 398 (M + ). 



PREPARATION 16 

so 5.5-Dimethyl-2-(1*naphthylmethyl)*4-oxopentanoic acid 

5.13 g (12.9 mmole) of diethyl (3,3-dimethyl-2-oxobutylH1-naphthyimethyl)maIonate (prepared as 
described in Preparation 15) were dissolved in 200 ml of a 4 : 1 by volume mixture of methanol and water, 
and 2.57 g (64.3 mmole) of sodium hydroxide were added to the resulting solution. The mixture was then 
55 stirred at room temperature for 3 hours. At the end of this time, the solvent was removed by distillation 
under reduced pressur . A 10% w/v aqueous solution of sodium hydroxide was added to th residue, which 
was then washed with m thylene chloride. The aqueous layer was adjusted with concentrated hydrochloric 
acid to a pH value of 1 , and the resulting pr cipitate was collect d by filtration. The precipitate was dried, to 
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give 3.60 g (82%) of the dicarboxylic acid as white crystals. 2.00 g (5.84 mmoje) of these were 
decarboxylated by h ating for 1 hour at 200°C. to give 1.65 g (95%) of the titl compound as white 
crystals. 

Mass Spectrum rrve: 298 (M*). 



PREPARATION 17 

Cyclostatin-(2-morpholinoethyl)amide di hydrochloride 

17(a) N-(t-Butoxycarbonyl)-cyclostatin«(2-morpholinoethyl)amide 

3.16 g of N-t-butoxycarbonylcyclostatine, 1.43 g of 2-morphoiinoethy famine and 2.1 ml of triethylamine 
were added to 30 ml of anhydrous tetrahydrofuran. 2 g of diethyl cyanophosphonate (90%) were added 
dropwise to the mixture, whilst ice-cooling. The mixture was stirred for 4 hours, after which it was allowed to 
stand overnight. The reaction mixture was then concentrated by evaporation under reduced pressure, after 
which water was added, and the mixture was extracted with ethyl acetate. The organic layer was washed 
with a saturated aqueous solution of sodium bicarbonate and with a saturated aqueous solution of sodium 
chloride. It was then dried over anhydrous magnesium sulphate, and the solvent was removed by 
evaporation under reduced pressure. The residue was purified by column chromatography through silica gel 
(eiuent: first methylene chloride and then a 1 : 9 by volume mixture of methanol and methylene chloride), 
to afford 3.4 g of the title compound as a colourless amorphous substance. 



1 7(b) Cyclostatin-(2-morphoiinoethyl)amide dihydrochloride 

3.4 g of N-t-butoxycarbonyl-cyclostatin-2-morpholinoethyiamide were added to 30 ml of methanol and 
30 ml of a 1N solution of hydrogen chloride in dioxane. The mixture was stirred at room temperature for 1 
hour, after which it was concentrated by evaporation under reduced pressure. The residue was washed with 
diethyl ether, to give 3.7 g of the title compound as colourless fine crystals melting at 70 - 80°C. 



PREPARATION 18 

(2R)-3-(2,6-Dimethylmorpholinocarbonyl)-2-(1-naphthylmethyl)propionic acid 

18(a) (4S)-4-Ben2yl-3-[(2R)-3-(2 f 6<limethylmorpholinocarbonyl)-2-(1-naphthyimethyl)propionyl1-2-ox' 
azolidinone 

Following a procedure similar to that described in Preparation 3. 340 mg (0.67 mmole) of N-[(2- 
benzyloxycanbonyl)memyl-3-(1-naph%l)pro (prepared as described 

in Preparation 2) were reacted with 80 mg (0.67 mmole) of 2,6-dimethylmorpholine to give 260 mg of the 
title compound as a white powder. 



18(b) (2R)-3-(2 t 6-Dimethylmorpholinocarbonyl)-2-(1-naphthylmethyl)propionic acid 

Following a procedure similar to that described in Preparation 4, 97 mg of the hemihydrate of the title 
compound were prepared as a white powder from 0.24 g (0.47 mmole; of (4S)-4-benzyl-3-[(2R)-3-(2.6- 
dimethylmorphoiinocarbonyl)-2-(1 -naphthylmethyi)propionyl}-2-oxazofidinone [prepared as described in 
Preparation 18(a)]. 

Mass Spectrum me: 355 (M*). 

Elemental analysis: 
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Calculated for C21H25NO4 S H2O: 

C. 69.21%; H, 7.19%; N. 3.84%.. 
Found: 

C. 68.98%; H. 7.14%; N. 4.09%. 



PREPARATION 19 

(2R)-3-{1"Naphthyl)-2'thiomorpholinocarbonylmethylpropionic acid 

19(a) (4S)-4-Benzyl-3-[(2R)-3-(1«naphthyl)-2-thiomorpholinocarbonyl^ 

Following a procedure similar to that described in Preparation 3, 340 mg (0.67 mmole). of N-f(2- 

benzytoxycarbonyl)methyl-3-(1-naphthyl)propionyl]-(SH-)^benzyl-2-oxa20lidinone (prepared as described 

in Preparation 2) were reacted with 70 mg (0.67 mmole) of thiomorpholine to give 220mg of the title 
compound as a white powder. 



19(b) (2R)-3-(l-Naphthyl)-2-thiomorpholinocarbonylmethylpropionic acid 

Following a procedure similar to that described in Preparation 4, 84 mg of the hemihydrate of the title 
compound were prepared as a white powder from 0.20 g (0.4 mmole) of (4S)-4-benzyl-3-[(2R)-3-(l- 
naphthyl)-2-thiomorphoIinocarbonylmethylpropionyl]-2-oxazolidinone [prepared as described in Preparation 
19(a)]. 

Mass Spectrum m/e: 343 (M + ). 

Elemental analysis: 

Calculated for C19H21NO3S V 2 H2O: 

C, 64.75%; H, 6.29%; N, 3.97%; S t 9.10%. 
Found: 

C. 65.05%; H, 6.34%; N, 4.21%; S, 8.80%. 



PREPARATION 20 

(2R)-2-(1 -Naphthylmethyl)-3-(1 -pyrrolidinylcarbonyQpropionic acid 

20(a) (4S)-4-Benzyl-3-[(2R)-2-(1 -naphthy lmethyl)-3-( 1 -pyrrolidinylcarbonyl)propionyll*2-oxazolidinone 

Following a procedure similar to that described in Preparation 3, 305 mg (0.6 mmole) of N-[(2- 
benzyloxycarbonyl)methyl-3^1-naphthyl)propionyl]-(S)-(-)-4-benzyl-2-oxazolidinone (prepared as described 
in Preparation 2) were reacted with 43 mg (0.6 mmole) of pyrrolidine to give 240 mg of the hemihydrate of 
the title compound as a colourless amorphous substance. 

Elemental analysis: 

Calculated for C3HXN2O4 V 2 H2O: 

C. 72.63%; H, 6.52%; N, 5.84%. 
Found: 

C, 72.68%; H, 6.32%; N. 5.81 %. 
Mass Spectrum w/e : 470 (NT*). 
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20(b) (2R)-2-(l -naphthylmethyl)-3-(l -pyiTOlidinylcarbonyOpropionic acid 

Following a procedure similar to that described in Preparation 4, 83 mg of the title compound were 
prepared as a colourless* amorphous substance from 220 mg (0.47 mmole) of (4S)-4-benzyl-3-[(2R)-2-(1- 
naphthyl methyl)-3-(1-pyaolidinylcarbonyl)propionyl]-2-oxa2olidinone [prepared as described in Preparation 
20(a)]. 

Mass Spectrum m/e: 31 1 (M*). 



PREPARATION 21 

(2R)-3-(1 -Naphthyl)-2*piperidinocarbonylmethylpropionic acid 

21 (a) (4S)-4-Benzyl-3-[(2R)-3-(1^aphthyl)-2^ 

Following a procedure similar to that described in Preparation 3, 610 mg (1.2 mmole) of N-[(2- 
benzyloxycarbonyl)methyl-3-(1 -naphthyl)propionyl]-(S)-(-)-4-benzyl-2-oxazolidinone (prepared as described 
in Preparation 2) were reacted with 250 mg (1.4 mmole) of piperidine to give 530 mg of the title compound 
as a white powder. 



21 (b) (2R)-3-(1-Naphthyl)-2-piperidinocarbonylmethylpropionic acid 

Following a procedure similar to that described in Preparation 4, 1 80 mg of the hemihydrate of the title 
compound were prepared as a white powder from 0.50 g (1.03 mmole) of (4S)-4-benzyl-3-[(2R)-3-(l- 
naphthyl)-2-piperidinocarbonylmethylpropionyi]-2-oxazoiidinone [prepared as described in Preparation 21(a)- 

]■ 

Mass Spectrum m/e: 325 (M*). 

Elemental analysis: 

Calculated for CaoHaNOs A k H2O: 

C. 71 .83%: H, 7.23%: N, 4.19%. 
Found: 

C, 71.60%; H f 6.96%; N. 4.20%. 



PREPARATION 22 

(2R)-3-(1 -Naphthyl)*2'[(propylcarbamoyl)methyllpropionic acid 

22(a) (4S>4-Benzyi*3-[(2R)-3-(1*naphthyl)-2-[(propylc^amoyl)methyllpropionyl]"2'Oxazolidinone 

Following a procedure similar to that described in Preparation 3 t 610 mg (1.2 mmole) of N-[(2- 
benzyloxyranbonyl)methyl-3-(1-naphthyl)pro (prepared as described 

in Preparation 2) were reacted with 83 mg (1.4 mmole) of propylamine to give 210 mg of the title compound 
as a white powder. 



22(b) (2R)-3-(1-Naphthyl)-2-[(propylcarbamoyl)methyl1propionic acid 

Following a procedure similar to that described in Preparation 4, 100 mg of 0.25-hydrate of the the title 
compound were prepared as a white powder from 0.17 g (0.37 mmole) of (4S)-4-benzyl-3-[(2R)-3-(l - 
naphthyl)-2-[(propyicarbamoyl)methyl]propionyl]-2-oxazolidinone [prepared as described in Preparation 22- 
(a)]- 

Mass Spectrum m/e: 299 (M + ). 
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Elem ntal analysis: 

Calculated for C'sHyNOs 1 * H 2 0: 

C. 71.14%; H, 7.13%; N. 4.61%. 
Found; 

C, 70.98%; H, 7.13%; N. 4.59%. 



PREPARATION 23 

(2RV3-(l-Naphthyl)*2-[(phen9thyicarbamoyl)methyl]propionic acid 

23(a) (4S)-4-Benzyl-3-[(2RV3-(1-naphthyl^ 

Following a procedure similar to that described in Preparation 3, 350 mg (0.84 mmole) of N-[(2- 
benzyloxycarbonyl)methyl-3-(1-naphthyl)propiony^ (prepared as described 

in Preparation 2) were reacted with 125 mg (1.04 mmole) of phenethylamine to give 390 mg of the title 
compound as a white powder. 



23(b) (2R)-3-(1*Naphthyl)-2-!(ph9nethylcarbamoyl)methyl1propionic acid 

Following a procedure similar to that described in Preparation 4, 230 mg of the title compound were 
prepared as a white powder from 340 mg (0.65 mmole) of (4S)-4-benzyl-3-[(2R)-3-( 1 -naphthyl)-2-[- 
(phenethylcarbamoyl)methyl]propionyi]-2-oxazolidinone [prepared as described in Preparation 23(a)], 

Mass Spectrum m/e: 361 (M+). 



PREPARATION 24 

(2R>3-(4-MethyH -piperazinylcarbonyl)-2-(1 -naphthylmethvQpropionic acid 

24(a) (4S)-4-Benzyl-3-[(2R)-3-(4-memyH -pipers 

azolidinone 

Following a procedure similar to that described in Preparation 3, 610 mg (1.2 mmole) of N-[(2- 
benzy!oxycarbonyl)methyl-3-(1 -naphthyl)propionyl]-(S)-(-)-4-benzyl-2-oxazolidinone (prepared as described 
in Preparation 2) were reacted with 120 mg (1.2 mmole) of N-methylpiperazine to give 540 mg of the 
hemihydrate of the title compound as a colourless amorphous substance. 

Elemental analysis: 

Calculated for CxHsMOi A b H2O: 

C, 70.84%; H ( 6.74%; N. 8.26%. 
Found: 

C, 70.62%; H, 6.44%; N. 8.11%. 



24(b) (2 R)-3-<4-Methyl-l-piperazinylcarbonyl)-2-<1 -naphthylmethyQpropionic acid 

Following a procedure similar to that described in Preparation 4, 115 mg of the title compound were 
prepared as a colourless oil from 480 mg (0.96 mmole) of (4S)-4-benzyl-3-[(2R)-3-(4-methyl-1 : piperazinyl- 
carbonyl)-2-(1-naphthylmethyl)-propionyl]-2-oxazolidinone [prepared as described in Preparation 24(a)]. 

PREPARATION 25 

(2RKH1 -Naphthyl)-2-f(4-phenyH -pip razinyQcarbonylmethyllpropionic acid 
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25(a) (4SM-Benzyl-3-[(2R)-3-(1-naphthyl)-2-f(^ 
azolidinon 

Foflowing a procedure similar to that described in Preparation 3 f 230 mg of the title compound were 
prepared as a white powder from 340 mg (0.67 mmoie) of N-[(2-benzyloxycarbonyl)methyl-3-(1-naphthyl)- 
propionyl]{S)-{-K-benzy!-2-oxazo!idinone (prepared as described in Pr paration 2). 



25(b) (2R)-3-(1-Naphthyi)-2-[(4-phenyl-1-piperazinyl)carbonyimethyl)propionic acid 

to 

Following a procedure similar to that described in Preparation 4, 103 mg of the hemihydrate of the title 
compound were prepared as a white powder from 0.21 g (0.37 mmoie) of (4S)-4-benzyl-3-[(2R)-3-(1- 
naphthyl)-2-t(4-phenyl-1-piperazinyl)carbonylmethyl]propionyl]-2-oxazolidinone [prepared as described .in 
Preparation 25(a)]. 

15 

Mass Spectrum nve: 402 (M+). 

Elemental analysis: 
Calculated for CsHsNaOs 1 '2 H2O: 
20 C. 72.97%; H, 6.61%; N t 6.81%. 
Found: 

C. 72.68%; H. 6.62%: N, 6.67%. 



25 PREPARATION 26 



(2R)-3-(N ( N-Diethylcarbamoyl)-2-(1-naphthylmethyi)propionic acid 

26(a) (4S)^Benzyl-3-[(2R)-3-(N < N<liethylcarbamoyl)-2-(1-naphthylmethyl)propionyl1-2<>xpolidinone 

30 

Following a procedure similar to that described in Preparation 3, 305 mg (0.6 mmoie) of N-[(2- 
benzyloxycarbonyl)methyl-3-(1-naphthyl)propionylHSH-)^benzyl-2<»xazolidinone (prepared as described 
in Preparation 2) were reacted with 44 mg (0.6 mmoie) of diethyiamine to give 250 mg of the 0.25-hydrate 
of the title compound as a colourless amorphous substance. 

35 

Elemental analysis; 

Calculated for CaHaNaO* -V« H2O: 

C, 73.01%; H, 6.87%; N, 5.87%. 
Found: 

40 C, 73.08%; H, 6.85%; N f 5.64%. 
Mass Spectrum m/e: 472 (M*). 



45 26(b) (2R)-3-(N,N-Diethylcarbamoyl)-2-(1-n"aphthvlmethyl)propionic acid 

Following a procedure similar to that described in Preparation 4, 100 mg of the title compound were 
prepared as a colourless amorphous substance from 230 mg (0.49 mmoie) of (4S)-4-benzyl-3-[(2R)-3-(N.N- 
diethylcarbamoyl)-2-(1-naphthylmethyl)propionyl]-2-oxazolidinone [prepared as described in Preparation 26- 
50 (a)]. 

Mass Spectrum m/e: 313 (M+). 



55 PREPARATION 27 

(2R)-3-(Benzylcarbamoyl)*2-(1 -naphthylmethyPpropionic acid 
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27(a) (4S)-4-Benzyl-3-[(2R)-3-(benzylcarbamoyl)-2-(1-napn^ 

Following a procedure similar to that described in Preparation 3, 610 mg (1.2 mmoie) of N-[(2- 
benzyloxycarbonyl)methyt-3-(1-naphthy^ (prepar d as described 

s in Preparation 2) were r acted with 130 mg (1.2 mmole) of benzyiamine to give 530 mg of the title 
compound as a colourless oil. 

Elemental analysis: 
Calculated for C^HxN^ 
/o C. 75.87%; H. 5.97%; N t 5.53%. 
Found: 

C. 75.72%; H. 6.07%; N. 5.66%. 

[ a ] 25 = +152.7 (c =1.5. methanol). 

15 

27(b) (2R)'3-(Ben2ylcarbamoyl)-2-(1-naphthylmethyl)propionic acid 

Following a procedure similar to that described in Preparation 4, 270 mg of the title compound were 
20 prepared as an amorphous substance from 450 mg (0.92 mmole) of (4S)-4-benzyi-3-[(2R)-3- 
(benzylcarbamoyl)-2-(l-naphthylmethyl)propionyl]-2-oxazolidinone [prepared as described in Preparation 27- 
(a)). 

Elemental analysis: 
25 Calculated for C22H21NO3 1 '* H2O: 

C. 75.09%; H, 6.16%; N, 3.98%. 
Found: 

C. 74.85%; H. 6.16%; N, 3.97%. 
30 [a] p 5 = +30° (c = 1, methanol) 
Mass Spectrum m/e: 347 (M v ). 



35 PREPARATION 28 

4-Morpholinocarbonyl*2-(1 -naphthylmethyl)butyric acid 

8.17 g (0.19 mole) "of sodium hydride (as a 55% w/w dispersion in mineral oil) were added, whilst ice- 

40 cooling, to a solution of 25 g (0.16 mole) of dimethyl glutarate and 23.4 g (0.16 mole) of 1 -naphthaldehyde 
dissolved in 200 ml of anhydrous methanol. The mixture was heated under reflux for 30 minutes, after 
which 190 ml (0.19 mole) of a 1N aqueous solution of sodium hydroxide were added to it and the mixture 
was again heated under reflux for 1 hour. The solvent was removed by distillation under reduced pressure, 
and the resulting residue was mixed with water and washed with diethyl ether. The aqueous layer was 

45 acidified and then extracted with diethyl ether. The ethereal layer was washed with a saturated aqueous 
solution- of sodium chloride and dried over anhydrous magnesium sulphate. The solvent was removed by 
distillation under reduced pressure, and then diisopropyl ether was added to the residue to precipitate 
crystals, which were collected by filtration to give 18.5 g of 2-(l-naphthylmethylene)glutaric acid. 

A mixture of 10 g (37 mmole) of the 2-(1-naphthylmethylene)glutaric acid prepared as described above 

50 and 100 ml of acetic anhydride was stirred at 60° C for 1 hour. At the end of this time, the solvent was 
removed by distillation under reduced pressure, and the resulting residue was triturated with a 1 : 1 by 
volume mixture of benzene and hexane to precipitate crystals, which were collected by filtration to give 8.1 
. g of 2-(1-naphthylmethylene)glutaric anhydride. 

2.85 ml* (33 mmole) of morpholine were added to a solution of 7.5 g (30 mmole) of the 2-(1- 

55 naphthylmethylene)glutaric anhydride prepared as described above dissolved in 70 ml of methylene 
chloride, and the mixture was stirr d at room temperature for 4 hours. It was then washed with a 5% w.*v 
aqueous solution of citric acid and with a saturated aqueous solution of sodium chloride and dried over 
anhydrous sodium sulphate. The solvent was then removed by distillation under reduced pressur . to give 
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10.0 g (30 mrnole) of 4-morpho!inocarbonyl-2-(1-naphthylmethylene)butyric acid. 

5.0 g (14.8 mmol ) of this 4-morpholinocarbonyl-2-(1-naphthylmethylene)butyric acid were dissolv d in 
50 ml of m thanol and hydrogenated in hydrogen at atmospheric pressure in the pr sence of 1.0 g of a 
10% w/w palladium-on-carbon catalyst. The catalyst was then removed by filtration, after which the solv nt 
s was r mov d by distillation under reduced .pressure. The residue was triturated with diethyl ether to 
precipitate crystals, which were collected by filtration to give 4.5 g of 4-morpholinocarbonyl-2-(l-naph- 
thylmethyl)butyric acid, melting at 130 - 135°C. 

Elemental analysis: 
to Calculated for CaHziNO*: 

C. 70.36%; H, 6.79%; N ( 4.10%. 
Found: 

C. 70.06%; K 6.90%; N, 3.98%. 

t t 

75 

PREPARATION 29 

t-Butyl 5-(N-benzyl-N-methylamino)-4*hydroxy-2-(1-naphthylmethyl)pentanoate 

20 2.39 g (7.65 mrnole) of t-butyl 4,5-epoxy-2-{1-naphthyimethyl)pentanoate (prepared as described in 
Preparation 11) were reacted with 1.39 g (11.5 mmoie) of N-methylbenzylamine in 20 ml of methanol for 2 
days. At the end of this time, the reaction mixture was concentrated by evaporation under reduced 
pressure, and the residue was purified by column chromatography through silica gel (eluent: a 5 : 95 by 
volume mixture of methanol and methylene chloride), to afford 3.13 g of the title compound as a pale brown 

25 oil. 



PREPARATION 30 

30 5-(N-Benzy l-N-methylamtno)-2-(1 -naphthyimethyl)-4-oxopentanoic acid 

5.64 g of a sulphur trioxide/pyridine complex were added to a solution of 3.13 g (722 mrnole) of t-butyl 
5-(N-benzyl-N-methylamino)-4-hydroxy-2-(1-naphthylmethyl)pentanoate (prepared as described in Prepara- 
tion 29) and 5 ml of triethylamine dissolved in 20 ml of dimethyl sulphoxide at room temperature, and the 

35 mixture was stirred for 2 hours. At the end of this time, the reaction mixture was diluted with water and then 
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulphate, after which it was concentrated by evaporation 
under reduced pressure. 20 ml of a 4N solution of hydrogen chloride in dioxane were added to the residue, 
and the mixture was stirred for 2 hours; it was then concentrated by evaporation under reduced pressure. 

40 The residue was dissolved in water, and the resulting solution was neutralized by adding a 1N aqueous 
solution of sodium hydroxide. It was then concentrated by evaporation under reduced pressure. The residue 
was dissolved in methylene chloride and the resulting insoluble materials were removed by filtration. The 
filtrate was concentrated by evaporation under reduced pressure to afford 1 .94 g of the title compound as a 
colourless amorphous substance. 

45 Silica gel thin layer chromatography. Rf value 0.55 (20% by volume methanol in methylene chloride). 



PREPARATION 31 

so (2R)-3*(N*Cyclohexyl-N«methylcarbamoyl)-2-(1-naptithylmethyl)propionic acid 

31(a) (4S)^lsopropyl-3-[(2R)-3-(N-cyclohexyl-N-methylcarbamoyl)-2-(1"naphthylmethyl)propionyl]-2-ox- 
azolidinone 

55 - Following a procedure similar to that described in Preparation 3, 174 mg (0.38 mrnole) of benzyl (3R)-4- 
(1-naphthyl)-3-[(4S)-2-oxo-4-isopropyloxazolidin-3-yI]butyrate [prepared by a procedure similar to that de- 
scribed in .Pr paration 32(a)] were reacted with 52 mg (0.46 mmoie) of N-hexyl-N-methylamin to afford 170 
mg of the title compound as a white powder. 



150 



0 274 259 



31(b) (2ft)-3-(NK:vclohexyNN-m9thvlcarbamoylK2-{1--naphthylmethYnpfopionic acid 

Following a procedure similar to that described in Preparation 4, 70 mg of th tit! compound were 
prepared as a white powder from 150 mg of (4S)-4-isopropyl-3-[{2R)-3-{N-cyclohexyl-N-methylcarbamoylh 
2-(l-naphthylmethyl)propionyl]-2-oxazbiidinone [prepared as described in Preparation 31(a) above]. 

Mass Spectrum 353 (M+). 



PREPARATION 32 

(2~R)»3*(N-Ben2yl-N-methylcarbamoyl)-2-(1-naphthylmethyl)propionic acid 

32(a) (4SM-lsopropyl-3-[(3-(1-naphthyl)propionyl]-2-oxazolidinone 

Following a procedure similar to that described in Preparation 1, 1.9 g (14.8 mmole) of (S)-(-)-4- 
isopropyl-2-oxazoiidinone [instead of (SH-M-benzyl-2-oxazolidinone] were reacted with 2.95 g (13.5 
mmole) of 1-naphthylpropionyl chloride to afford 3.2 g of the title compound as a white powder. 



32(b) . (4S)"4-lsopropyl-3*[(2R)-3-(N-ben2yl»N-methyicarbamovl)-2-(1-naphthylmethyl)propionvlV2-ox- 

azolidinone 

Following a procedure similar to that described in Preparation 2, 384 mg (1.3 mmole) of (4S)-3-[3-(l- 
naphthyl)propionylH-»sopropyl-2-oxazolidinone were reacted with 613 ml (3.87 mmole) of benzyl 
bromoacetate. and then the mixture was worked-up according to Preparation 3 to give 297 mg*of the title 
compound as a white powder. 



32(c) (2R)-3-(N-Benzyl-N-methylcarbamoyl)-2-(1'naphthylmethyl)propionic acid 

Following a procedure similar to that described in Preparation 4, 825 mg of the title compound were 
prepared as a white powder from 1 .42 g (3.0 mmole) of (4SH-isopropyi-3-[(2R)-3-(N-benzyl-N-methylcar- 
bamoyl)-2-(1-naphthylmethyl)propionyl]-2-oxazolidinone [prepared as described in Preparation 32(b)]. 

Mass Spectrum m/e: 361 (M + ). 



PREPARATION 33 

Methyl N-(4-phenyl-1 -piperazinylacety l)-3-(l -naphthy l)-L-aianate hydrochloride 

266 mg of methyl 3-(1 -naphthy IJ-L-alanate hydrochloride, 221 mg of (4-phenyl-1-piperazinyl)acetic acid 
and 0.35 ml of triethylamine were added to 5 ml of dimethylformamide . and then 200 mg of diethyl 
cyanophosphonate (90%) were added dropwise, whilst ice-cooling, to the mixture. The mixture was then 
stirred for 4 hours, after which it was allowed to stand overnight The reaction mixture was then 
concentrated by evaporation under reduced pressure, and water was added to the residue, which was then 
extracted with ethyl acetate. The organic extract was washed with a saturated aqueous solution of sodium 
bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, and dried over 
anhydrous magnesium sulphate. The solvent was then removed by distillation under reduced pressure. The 
residue was purified by silica gel column chromatography (eluent a 1 : 9 by volume mixture of methanol 
and methylene chloride), to afford 278 mg of the title compound as an oily substance. 



PREPARATION 34 
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N-(4-pheny 1-1 -piperazinYlacetyl)-3-(l -naphthy l)-L-alanine 

1.2 ml of a 1N aqueous solution of sodium hydroxide was added to a solution of 250 mg of methyl (4- 
phenyl-i-pipera2inyl)acetyl-3-(1-naphthy()-L-alanat hydrochloride (prepared as d scrib d in Preparation 
s 33) in 8 ml of methanol, and the mixture was stirr d at room temperatur for 2 hours. At th end of this 
time, 1.2 ml of 1N aqueous hydrochloric acid was added to the reaction mixture, which was then 
concentrated by evaporation und r reduced pressure. The residu was purified by silica gel column 
chromatography (eluent a 15 : 85 by volume mixture_ofjrtethanol and methylene chloride), to afford 220 
mg of the title compound as colourless powdery crystals, melting at 160 - 180°C. 

~w 

PREPARATION 35 

N-Morpholinoacety 1-3-( 1 -naphthy l)-L-aianine ? 

is 

7.8 g (6.4.6 mmole) of diphenylphosphoryl azide and 17.9 ml (129.1 mmole) of triethylamine were 
added, whilst ice-cooling, to a solution of 7.8 g (53.8 mmole) of 1-morpholinoacetic acid and 15.7 g (59.2 ^ 
mmole) of methyl 3-(1-naphthyl)-L-alanate hydrochloride in 80 ml of dimethylformamide, and the mixture 
was stirred at room temperature overnight At the end of this time, 300 mi of a saturated aqueous solution 

20 of sodium chloride were added to the reaction mixture, which was then extracted with ethyl acetate. The 
extract was then washed with a 5% w/v aqueous solution of citric acid, with a 5% w/V aqueous solution of 
sodium bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, and dried over 
anhydrous sodium sulphate. The solvent was then removed by distillation under reduced pressure. The 
residue was purified by silica gel column chromatography (eluent mixtures of methylene chloride and 

25 methanol in the propartions by volume 70 : 1 and 30 : 1), to afford 9.8 g of methyl N-morphoiinoacetyl-3-(i- 
naphthyI)-L-a!anate as an oily substance. 

19.6 ml (19.6 mmole) of a 1N aqueous solution of sodium hydroxide were then added to a solution of 
7.0 g (19.6 mmole) of this methyl N-morpholinoacetyl-3-(1-naphthyl)-L-alanate in 50 ml of methanol, and the 
mixture was stirred at room temperature for 1 hour. At the end of this time. 4.9 ml (19.6 mmole) of a 4N 

30 solution of hydrogen chloride in dioxane was added to the reaction mixture, and the mixture was extracted 
with methylene chloride. The organic extract was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous sodium sulphate. The solvent was then removed by evaporation under 
reduced pressure, and the residue was crystallized by the addition of diethyl ether, to give 6.25 g of the title 
compound, melting at 100 - 103°C. 

35 

PREPARATION 36 

N-(t*Butoxycarbonyl)-cyclostatin-(2-pyrrolidylethyl)amide 

40 

202 mg (2.0 mmole) of triethylamine were added dropwise. whilst ice-cooling, to a solution of 250 mg 
(0.79 mmole) of N-(t-butoxycarbonyl)-cyclostatin. 109 mg (0.96 mmole) of 1-{2-aminoethyl)pyrrolidine and 
194 mg (1.2 mmole) of diethyl cyanophosphonate (95%) in 5 ml of methylene chloride, and the mixture was 
stirred for 3 hours. At the end of this time, ethyl acetate was added to the reaction mixture, and the mixture 
45 was washed with a 10% w/v aqueous solution of sodium bicarbonate and dried over anhydrous sodium 
sulphate. It was then evaporated to dryness under reduced pressure, to give 325 mg of the title compound. 



PREPARATION 37 

50 

N-[N-(t-Butoxycarbonyl)*3*(1-naphthyl)-L-alanyl1-3-(4-thiazolvl)-DL-alanine 

8.51 g (33 mmole) of methyl 3-(4-thiazolyl)alanate, 7.35 g (45 mmole) of diethyl cyanophosphonate 
(95%) and 7.5 g (74 mmole) of triethylamine were added, whilst ice-cooling and stirring, to a solution of 
55 9.45 g (30 mmole) of N-(t-butoxycarbonyl)-3-(1 -naphthy l)-L-alanine in 80 ml of methylene chloride, and the 
mixture was stirred at room temperature for 16 hours. At the end of this time, the reaction mixture was 
washed with a 10% w/v aqueous s lution of citrip acid and with a 5% w/v aqu ous solution of sodium 
bicarbonate, in that order, after which it was evaporated to dryn ss under reduc d pressur to giv a 
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powd ry substance. The substance thus obtained was dissolved in 50 ml of 90% v/v aqueous m thanoi. 
and 25 ml of 1N sodium hydroxide solution was added to th r suiting solution, whilst stirring. The mixture 
was then allowed to react at room temperature for 3 hours. At the end of this time, the r action mixture was 
concentrated by evaporation under r duced pressure. 25 ml of 1 N aqueous hydrochloric acid was added to 
s th resulting r sidu t and the mixture was xtracted with ethyl acetate. The extract was washed with water 
and dri d over anhydrous sodium sulphat . after which the solvent was r moved by evaporation to dryness 
under reduced pressure, to give 5.7 g of the title compound. 

to PREPARATION 38 

N"[N-(t-Butoxycarbonyl)-L-leucylRyclostatin-[3-(2-oxo-1-pyrroiidinyl)propyl1amide 

1 .37 g (5.5 mmole) of N-{t-butoxycarbonylH.-leucine hydrate was dehydrated by repeating 2 - 3 times 
is the steps of dissolution in methanol followed by azeotropic distillation. Meanwhile, the t-butoxycarbonyl 
group was removed from 2.20 g (5 mmole) of N-(t-butoxycarbonyl)-cyclostatin-[3-(2-oxo-1-pyrrolidinyl)- 
propyl]amide by treatment with a 4N solution of hydrogen chloride in dioxane. The two compounds thus 
obtained were dissolved together in 25 ml of methylene chloride, and then 1.03 g (6 mmoie) of diethyl 
cyanophosphonate (95%) and 2.02 g (20 mmole) of triethylamine were added to the resulting solution, and 
20 the mixture was stirred, whilst ice-cooling for 1 hour this stirring was continued at room temperature for 3 
days. At the end of this time, the reaction mixture was concentrated by evaporation under reduced 
pressure, and the residue was extracted with ethyl acetate. The extract was washed with a 10% w v 
aqueous solution of citric acid, with water and with a saturated aqueous solution of sodium chloride, in that 
order, after which it was dried over anhydrous magnesium sulphate, and the solvent was removed by 
25 distillation under reduced pressure. The residue was dissolved in methylene chloride, insoluble materials 
were removed by filtration, and the filtrate was concentrated by evaporation under reduced pressure. The 
residue was triturated with diethyl ether, to afford 12.25 g of the 0.25-hydrate of the title compound, melting 
at 170 - 173°C. 

30 Elemental analysis: 

Calculated for CsH^Oe 1 '4 H2O: 

C, 62.50%; H. 9.50%; N, 10.06%. 
Found: 

C, 62.40%; H, 9.46%; N, 10.04%. 

35 

PREPARATION 39 

N-[N g -(t-Butoxycarbonyl)-L-tryptophyl1-cyclostatin-3-(2-oxo-1»pyrrolidinyl)propylamide 

40 

2 grams (4.55 mmole) of N-(t-butoxycarbonyl)-cyclostatin-3-{2-oxo-l-pyrroiidinyl)propylamide (prepared 
by a procedure similar to that described in Preparation 36) were treated with 20 ml of a 4N solution of 
hydrogen chloride in dioxane to remove the t-butoxycarbonyl group, and- the reaction mixture was then 
concentrated by evaporation under reduced pressure. 20 ml of benzene were added to the residue, and the 

45 mixture was concentrated by evaporation under reduced pressure. This operation was repeated 2 - 3 times 
to thoroughly remove any remaining water. The compound thus obtained, together with 1 .52 g* (4.99 
mmole) of N-(t-butoxycarbonyl)-L-tryptophan, was suspended in 20 ml of . methylene chloride. 1.11 g (6.8 
mmole) of diethyl cyanophosphonate (95%) and 0.92 g (9.1 mmole) of triethylamine were then added to the 
resulting suspension, whilst ice-cooling and stirring, and the mixture was stirred at room temperature 

50 overnight. The reaction mixture was then concentrated by evaporation under reduced pressure, and the 
residue, after the addition of ice-water, was extracted with ethyl acetate. The extract was washed with a 
10% w/v aqueous solution of citric acid, with a 10% w/v aqueous solution of sodium bicarbonate and with a 
saturated aqueous solution of sodium chloride, in that order, after which it was dried over anhydrous sodium 
sulphate, and concentrated tjy evaporation under reduced pressure. The residue was purified by silica gel 

55 thin layer chromatography (developing solvent: a 1 : 10 by volume mixture of methanol and chloroform), 
and the product was reprecipitated with a mixture of methylene chloride and hexane, to afford 2.8 g (96%) 
of th title compound as a pale y How powd r. • 
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PREPARATION 40 

N-(N-B nzyl-N-methylaminoacetyl)-3-(1 -naphthvO-L-alanine 

s 40(a) Methyl N-(N-benzy l-N-methy laminoacety l)-3-( 1 -naphthyiK-alanate , 

53 mg (0.5 mmole, of sodium carbonate were added to a solution of 350 mg (1.0 mmole) of methyl N- 
bromoacetyl-3-(1-naphthyl)-L-alanate and 121 mg (1.0 mmole) of N-benzyl-N-methylamine in 15 ml of 
dimethylformamide, and the" mixture was stirred at room temperature for 10 hours. At the end of this time, 
;o the solvent was removed by distillation under reduced pressure, and the residue, after the addition df a 
small amount of water, was extracted with ethyl acetate. The extract was dried over anhydrous sodium 
sulphate and concentrated by evaporation under reduced pressure, and the residue was purified by silica 
gel column chromatography (eiuent: a 10 : 1 by volume mixture of chloroform and methanol), to afford 280 
mg of the title compound as an oily substance. ? 

75 



40(b) N-(Benzyl-N-methylaminoacetyl)-3-(1-naphthy1)-L-alanine £ 

1 .92 ml (1 .92 mmole) of a 1 N aqueous solution of sodium hydroxide was added to a solution of 250 mg 
20 (0.64 mmole) of methyl N-(N-benzyl-N-methylaminoacetyl)-3-(l-naphthyi)-L-alanate [prepared as described 
. in step (a) above] in 2 ml of methanol, and the mixture was stirred at room temperature for 4 hours. At the 
end of this time, the reaction mixture was neutralized by the addition of 1.92 mg (1.92 mmole) of 1N 
aqueous hydrochloric acid, and the methanol was removed by evaporation under reduced pressure. The 
residue was extracted with ethyl acetate, the extract was dried, and the solvent was removed by distillation 
25 under reduced pressure. The residue was purified by silica gel column chromatography (eiuent: a 5 : 1 by 
volume mixture of chloroform and methanol), to afford 171 mg of the title compound as white crystals, 
melting at 104- 107°C. 



30 PREPARATION 41 



N-(N-Benzyl-N-ethylaminoacetylV3-(1-naphthyQ-L-alanine 

Following a procedure similar to that described in Preparation 40(a), 350 mg (1.0 mmole) of methyl N- 
35 bromoacetyl-3-(1-naphthyi)-L-aianate and 161 mg (1.2 mmole) of N-benzyl-N-ethylamine were reacted 
together, and the ester thus obtained (370 mg; 0.92. mmole) was dissolved in 3 ml of methanol. 2.76 ml 
(2.76 mmole) of a 1 N aqueous solution of sodium hydroxide were then added to the resulting solution, and 
the reaction was allowed to proceed at room temperature for 4 hours. At the end of this time, 2.76 ml (2.76 
mmole) of 1N aqueous hydrochloric acid was added to the reaction mixture, and the reaction mixture was 
40 then evaporated to dryness under reduced pressure. After the resulting residue had been thoroughly dried, 
518 mg of the title compound containing sodium chloride were obtained as a white powder. 



PREPARATION 42 

45 

N-(N'Benzyl-N-isopropylaminoacetyl)*3-(1-naphthyl)-L-alanine 

Following a procedure similar to that described in Preparation 40(a), 350 mg (1.0 mmole) of methyl N- 
bromoacetyl-3-(1-naphthyl)-L-alanate and 179 mg (1.2 mmole) of N-benzyl-N-isopropylamine were reacted 
so together, and the ester thus obtained (314 mg; p.75 mmole) was dissolved in 5 ml of methanol. 2.25 ml 
(2.25 mmole) of a 1N aqueous solution of sodium hydroxide were then added to the resulting solution, and 
the reaction was allowed to proceed at room temperature for 4 hours. At the end of this time, the reaction 
" mixture was neutralized by the addition of 2.25 ml (2.25 mmole) of 1N aqueous hydrochloric acid, and 
evaporated-to dryness under reduced pressure. After the resulting residue had been thoroughly dried. 434.9 
55 mg* of the title compound -containing sodium chloride were obtained as a white powder. 



PREPARATION 43 
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N-(N-Butyl-N-methylaminoacetyl)-3-(1*naphthYl)-L-alanine 

Following a procedure similar to that described in Preparation 40(a). 350 mg (1.0 mmole) of methyl N- 
bromoacetyl-3-(1-naphthyl)-L-alanat and 105 mg (1.2 mmole) of N-butyl-N-methylamine wer r acted 

s tog ther. and the ster thus obtained (300 mg; 0.84 mmole) was dissolved in 3.0 ml of methanol. 3.0 ml 
(3.0 mmole) of a 1N aqueous solution of sodium hydroxide were then added to the resulting solution, and 
th reaction was allowed to proceed at room temperature for 4 hours. At the end of this time, th reaction 
mixture was neutralized by the addition of 3.0 ml (3.0 mmole) of IN aqueous hydrochloric acid, and 
evaporated to dryness under reduced pressure. After the resulting residue had been thoroughly dried. 433 

w mg of the title compound containing sodium chloride were obtained as a white powder. 

PREPARATION 44 

is N-(N-Benzyl-1-piperazinylacetyl)-3-(1-naphthylVL*alanine 

A solution of 350 mg (1 mmole) of methyl N-bromoacetyl-(1-naphthyl)-L-alanate [prepared as described 
in Example 51(a)] and 194 mg (1.1 mmole) of N-benzylpiperazine in 20 ml of dimethylformamide was 
stirred at room temperature for 1 day. At the end of this time, the reaction mixture was concentrated by 

20 evaporation under reduced pressure, and the residue was extracted with ethyl acetate. The extract was 
washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium 
sulphate, after which the solvent was removed by distillation under reduced pressure. The residue was 
purified by silica gel thin layer chromatography (developing solvent: a 20 : 1 by volume mixture of 
methylene chloride and methanol), to afford 440 mg (0.99 mmole) of methyl N-(N-benzyl-l- 

25 piperazinyiacetyl)-3-(1 -naphthyl)-L-alanate. 

3 ml of a 1 N aqueous solution of sodium hydroxide were then added to a solution of this methyl N-(N- 
benzyl-1-piperazinylacetyl)-3-(1-naphthyl)-L-alanate in 3 ml of methanol, and the mixture was allowed to 
react at room temperature for 2.5 hours. At the end of this time, the reaction mixture was neutralized by the 
addition of 3 mi of 1N aqueous hydrochloric acid, after which it was concentrated by evaporation under 

30 reduced pressure. Ethanol was added to the residue, and the mixture was again concentrated by 
evaporation under reduced pressure. This operation was repeated 2-3 times to remove thoroughly any 
remaining water, and thereby to afford 590 mg of the title compound containing sodium chloride as a white 
powder. 

35 

PREPARATION 45 

N'(N-Methyl-N-phenylaminoacetyl)-3-(1*naphthyl)-L'alanine 

40 A solution of 1.75 g (5 mmole) of methyl N-bromoacetyl-3-(l-naphthyl)-L-alanate [prepared as described 
in Example 51(a)] and 5.36 g (50 mmole) of N-methylaniline in dimethylformamide was stirred at room 
temperature for 40 hours; the stirring was then continued at 50°C for a further 9 hours. At the end of this 
time, the reaction mixture was concentrated by evaporation under reduced pressure, and the residue was 
extracted with ethyl acetate. The extract was washed with a 2% w/v aqueous solution of citric acid (3 
45 times), with water, with a 5% w/v aqueous solution of sodium bicarbonate and with a saturated aqueous 
solution of sodium chloride, in that order. It was then dried over anhydrous magnesium sulphate, and the 
solvent was removed by distillation under reduced pressure. The residue was purified by silica gel thin 
layer chromatography (developing solvent: a 2 : 1 by volume mixture of hexane and ethyl acetate), to afford 
0.44 g (1.17 mmole) of methyl N-(N-methyl-N-phenyl^ as an oily sub- 

so stance. ~ 

A solution of this methyl N-(N-methyl-N-phenylaminoacetyi)-3-(1-naphthyl)-L-alanate in 12 ml of a IN 
solution of sodium hydroxide in 90% v/v aqueous methanol was stirred at room temperature for 3 hours. At 
the end of this- time, the reaction mixture was neutralized by the addition of 12 ml of 1N aqueous 
hydrochloric acid, the sodium chloride produced was removed by filtration, the filtrate was concentrated by 
55 evaporation under reduced pressure, and the residue was triturated with diethyl ether, to afford 472 mg of 
th title compound as a whit powder. 
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PREPARATION 46 

N-(N-cyclohexyl-N-methylaminoacetyl)-3-{l-naphthvl)-L-alanine 

s A solution of 5 g (14.3 mmole) of m thyl N-bromoacetyl-3-(1-naphthyl)-L-alanate [prepared as described 
in Example 51(a)] and 6.5 g (57.5 mmole) of N-cyclohexyl-N-m thylamin in 50 ml of dimethylformamtde 
was stirred at 50°C for 3 hours. At the end of this time, the reaction mixture was concentrated by 
evaporation under reduced pressure, and the residue was extracted with ethyl acetate. The extract was 
washed with a 2% w/v aqueous solution of citric acid (3 times), with water, with a 5% w/v aqueous solution 

w of sodium bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, after which it 
was. dried over anhydrous magnesium sulphate, and the solvent was removed by distillation under reduced 
pressure. The residue was dissolved in 30 ml of a 1N solution of sodium hydroxide in 90% v/v aqueous 
methanol, and the solution was stirred at room temperature for 3 hours. At the end of this time, the reaction 
mixture was neutralized by the addition of 30 ml of 1N aqueous hydrochloric acid and concentrated by > 

75 evaporation under reduced pressure. The mixture was then diluted with methanol, the sodium chloride 
produced was removed by filtration, the filtrate was again concentrated by evaporation under reduced 
pressure, and the residue was triturated with hexane, to afford 5.5 g of the title compound as a white * 
powder, melting at 72 - 77° C. 

20 

PREPARATION 47 

N-(N,N-Dicyclohexylaminoacetyl)-3-(1-naphthyl)-L"alanine 
25 47(a) Methyl N.N-dicyclohexylgiycinate 

3.06 g (20 mmole) of methyl bromoacetate were added, whilst ice-cooling, to a solution of 7.25 g (40 
mmole) of N,N-dicyciohexylamine in 50 ml of dry benzene, and the mixture was heated under reflux for 9 
hours. At the end of this time, the reaction mixture was cooled, the precipitated materials were removed by 
30 filtration, and the filtrate was concentrated by evaporation under reduced pressure, to afford 5.07 g of the 
title compound as an oily substance. 



47(b) Methyl N-(N,N-dicyciohexylaminoacetyl)-3-(1-naphthyl)-L-alanate 

35 

8 ml (8 mmole) of a IN aqueous solution of sodium hydroxide solution were added to a solution of 1 .01 
g (4 mmole) of methyl N.N-dicyclohexylgiycinate [prepared as described in step (a) above] in 8 ml of 
methanol, and the mixture was stirred at room temperature for 4 hours. At the end of this time, 12 ml (12 
mmole) of 1N aqueous hydrochloric acid were added to the reaction mixture, and the mixture was 

40 concentrated by evaporation under reduced pressure. Benzene was then added to the residue, and the 
solvent was removed by distillation under reduced pressure; this operation was repeated twice to remove 
any remaining water. The product thus prepared, together with 530 mg (2 mmole) of methyl 3-(1-naphthyl)- 
L-aianate, was dissolved in 10 ml of dimethylformamide. and 1.62 g (16 mmole) of triethylamine and 0.33 g 
(2 mmole) of diethyl cyanophosphonate (95%) were added to the resulting solution, whilst ice-cooling. The 

45 mixture was then stirred at room temperature for 4 hours and allowed to stand overnight. The solvent was 
then removed by distillation under reducecLpressure, and the residue was purified by silica gel thin layer 
chromatography (developing solvent: methylene chloride), to afford 440 mg of the title compound as an oily 
substance. 

so Mass Spectrum m/e: 450 (M + ). 

Elemental analysis: 
Calculated for CaHaNaOs 

C. 74.63%; H. 8.50%; N. 6.22%. 
55 Found: 

C, 74.71%; H. 8.80%; N. 6.09%. 
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47(c) N-(N,N-Dicyclohexylaminoacetyl)-3-(1-naphthyl)-L-alanine 

160 mg (0.35 mmole) of th methyl N-(N,NHjicyclohexylaminoacetyl)-3-(1-naphthyI)-L-alanate [pr pared 
as described in step (b) above] were reacted according to th method described in Preparation 40(b), to 
give 1 52 mg of the title compound as a white powder. 



PREPARATION 48 

N'(N.N-Diisobutylaminoacetyl)-3-(1-naphthyl)-L-alanine 

48(a) Methyl N.N-diisobutylglycinate - 

Following a procedure similar to that described in Preparation 47(a) 5.17 g (40 mmole) of N.N- 
diisobutylamine and 3.06 g (20 mmole) of methyl bromoacetate were reacted together, to give 4.02 g of the 
title compound as a white powder. 



48(b) Methyl N*(N,N-diisobutylaminoacetyl)-3-(1'naphthyl)-L-alanate 

805 mg (4 mmole) of methyl N,N-diisobutylglycinate [prepared as described in step (a) above] and 530 
mg (2 mmole) of methyl 3-{1-naphthyl)-L-alanate were reacted together according to the method described 
in Preparation 47(b). to give 640 mg of the title compound as an oily substance. 

Mass Spectrum m/e: 398 <M + ). 

Elemental analysis: 
Calculated for CaHwN^: 

C. 72.33%; H, 8.60%; N, 7.03%. 
Found; 

C. 72.07%; H. 8.57%; N, 7.15%. 



48(c) N-(N,N'Diisobutylaminoacetyl)-3-(1-naphthyl)-L-alanine 

140 mg (0.35 mmole) of methyl N-(N,NHjiisobutylaminoacetyi)-3-(1-naphthyl)-L-alanate (prepared as 
described in step (b) above] were reacted according to the method described in Preparation 40(b), to give 
115 mg of the title compound as a white powder. 



PREPARATION 49 

N-[4"(2*Methoxyphenyl)-1 -piperazinylacetyll-3-(1 -naphthylK-alanine 

49(a) Methyl N-[4-(2-methoxyphenyl)-l-pipera2inylacetyl]*3-(1-naphthyi)-L-aianate 

63.6 mg (0.6 mmole) of sodium carbonate and 230 mg (1 mmole) of 1 -(2-methoxyphenyl)piperazine 
were added to a solution of 350 mg (1 mmole) of methyl N-bromoacetyl-3-(1-naphthyl)-L-alanate in 10 ml of 
dimethylformamide, and the mixture was stirred at room temperature for 10 hours. The solvent was then 
removed by distillation under reduced pressure, and the residue was purified by silica gel column 
chromatography (eluent a 10 : 1 by volume mixture of methylene chloride and methanol), to afford 396.9 
mg of the title compound as an oily substance. 
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49(b) N-[4-(2*Methoxyphenyl)"1 -plperazinvlacetyl]-3-(1 -naphthylVL-alanine 



3 ml (3 mmole) of a 1N aqueous solution of sodium hydroxide were added to a solution of 390 mg 
(0.845 mmole) of methyl N-[4-(2-methoxyphenyl)-1-piperazinylacetyl]-3-(1-naphthyl)-L-alanate [prepared as 
s "described in step (a) above] in 3 ml of methanol, and the mixtur was stirred at room temperature for 4 
hours. At the end of this tim , methanol was remov d by distillation under reduced pressure, and 3 ml of 
1N aqueous hydrochloric acid was added to the residual aqueous layer. The crystals deposited were 
collected by filtration, washed with water and dried, to afford 367 mg of the title compound, melting at 147 - 
152°C. 

TO 

PREPARATION 50 

N-f (4-ChlorobenzhydrylH -piperazinylacetyl]-3-(1 yiaphthyl)-L-alanine ? 

15 

63.6 mg (0.6 mmole) of sodium carbonate and 273 mg (1 mmole) of 1-(4-chlorobenzhydryI)pipera2ine 
were added to a solution of 350 mg (1 mmole) of methyl N-bromoacetyl-3-(1-naphthyl)-L-alanate in 10 ml of ^ 
dimethylformamide, and the mixture was stirred at room temperature for 10 hours. At the end of this time, 
the solvent was removed by distillation under reduced pressure, and the residue was purified by silica gel 
20 column chromatography (eluent a 10 : 1 by volume mixture of methylene chloride and methanol), to afford 
389.3 mg of methyl N-[(4-chlorobenzhydrylj-1-piperazinylacetyl]-3-(1-naphthyl)-L-alanate as an oily sub- 
stance. This ester was reacted with 2.1 ml of a 1 N aqueous solution of sodium hydroxide according to the 
method described in Preparation 49(b). to afford 306.7 mg of the title compound as white crystals, melting 
at 140- 145°C. 

25 

PREPARATION 51 

N-[(2R)-3-MorphoHnocarbonyl-2-(1-naphthylmethyl)propionyl1-3-(4-thia20lyl)-DL-alanine 

30 

51 (a) Methyl N-[(2R)-3-morpholinocarbonyl-2-(1 -naphthylmethyl)propionyl]-3-(4-thiazolyl)-DL'alanate 

A solution of 263.4 mg (0.92 mmole) of methyl N-(t-butoxycarbonyl)-3-(4-thia2olyl)-DL-alanate 
dihydrochloride in 10 ml of a 4N solution of hydrogen chloride in dioxane was stirred at room temperature 

35 for 30 minutes, after which the solvent was removed by distillation under reduced pressure. The residue 
was dried thoroughly, after which it was suspended in 10 ml of methylene chloride. 300 mg (0.92 mmole) of 
(2R)-3-morpholinocarbonyl-2-(1-naphthylmethyl)propionic acid were then added to the resulting solution. 
224 mg (1.37 mmole) of diethyl cyanophosphonate (95%) and 557 mg (5.5 mmole) of triethylamine were 
then added to this mixture, whilst ice-cooling under an atmosphere of nitrogen, and the reaction mixture was 

40 stirred at room temperature for 3 hours. At the end of this time, the solvent was removed by distillation 
under reduced pressure, and the residue was extracted with methylene chloride. The extract was washed 
with a 1 0% w/v aqueous solution of citric acid, with a saturated aqueous solution of sodium bicarbonate and 
with a saturated solution of sodium chloride, in that order, dried over anhydrous sodium sulphate and 
concentrated by evaporation under reduced pressure, to afford the title compound as a pale yellow oil. 

45 

51 (b) N-[(2R)-3-Morpholinocarbonyl-2-(1-naphthylmethvl)propionyl]-3-(4-thia2olyl)-DL-alanine 

The whole of the methyl N-((2Rh3-morphoiinocarbonyl-2-(1-naphthylmethyl)propionyl]-3-(4-thia20lyl)- ^ 
so OL-afanate [prepared as described in step (a) above] was dissolved in 5 ml of methanol, and 10 ml (10 
mmole) of. a 1N aqueous solution of sodium hydroxide were added to the resulting solution. The mixture 
was then stirred at room temperature for 3 hours,- after which it ,was neutralized by the addition of a 1 0% 
w/v aqueous solution of citric acid, and then the solvent was removed by distillation under reduced 
pressure. The residue was extracted with ethyl acetate. The extract was dried over anhydrous sodium 
55 sulphate and concentrated by evaporation under reduced pressure. Hexane was added to the residue, to 
afford 400 mg of the title compound as white crystals. 
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25 



PREPARATION 52 



N (t-Butoxycarbonyl)-3-cyclohexyl-L-alanine dicyclohexylamine salt 

5 A solution of 10 g (377 mmole) of N-(t-butoxycarbonyl)-L-pheny (alanine in 100 ml of ethanol was 
subjected to medium pressure hydrogenation for 14 hours in the presence of 1 g of a 5% w.w 
rhodium/alumina catalyst to hydrogenate the phenyl group to a cycloh xyl group. At th end of this time, 
the catalyst was removed by filtration, and the solvent was evaporated from the filtrate under reduced 
pressure. Ethyl acetate was then added to the residue, and the organic layer was washed with water and 

ro dried over anhydrous sodium sulphate. The solvent was then removed by distillation under reduced 
pressure. The residue was dissolved in diethyl ether, and the solution was made alkaline by the addition of 
cyclohexylamine and then allowed to stand at room temperature, to afford 16.6 g of the title compound as 
white crystals, melting at 169 - 171 °C. 

75 Elemental analysis: 

Calculated for CaHuN^i: 

C, 68.98%; H, 10.69%; N, 6.19%. 
Found: 

C, 68.92%; H. 10.52%; N, 6.08%. 



PREPARATION 53 

(1S, 2S)-N-(t-Butoxycarbonyl)-2-methyl-1-(morpholinomethyl)butylamtne 



9.59 ml (69.0 mmole) of triethylamine and 11.0 g (69.0 mmole) of a pyridine/sulphur trioxide complex 
were added to a solution of 5.0 g (23.0 mmole) of N-(t-butoxycarbonyl)-L-isoleucinol in 50 ml of dimethyl 
sulphoxide, and the mixture was stirred at room temperature for 15 minutes. At the end of this time, the 
reaction mixture was poured onto ice-water, and extracted with diethyl ether. The organic extract was 
30 washed with a 5% w/v aqueous solution of citric acid, with a 5% w/v aqueous solution of sodium 
bicarbonate and with water, in that order. It was then dried over anhydrous sodium sulphate. The solvent 
was then removed by distillation under reduced pressure to give 5.0 g of N-(t-butoxycarbonyl)-L-leucinal as 
an oily substance. 

12.0 ml (0.14 mmole) of morpholine and 11.5 ml (46 mmole) of a 4N solution of hydrogen chloride in 
35 dioxane were added to 100 ml of methanol and, after agitation of the mixture, the whole (23 mmole) of the 
N-(t-butoxycarbonyl)-L-leucinal prepared as described above and 1.0 g (16 mmole) of sodium 
cyanoborohydride were added, and the mixture was stirred at room temperature for 40 hours. At the end of 
this time, the reaction mixture was neutralized by the addition of a 4N solution of hydrogen chloride in 
dioxane, and the solvent was removed by distillation under reduced pressure. Ethyl acetate was added to 
40 the residue, after which it was washed with a 5% w/v aqueous solution of sodium bicarbonate and with 
water, in that order. It was then dried over anhydrous sodium sulphate. The solvent was removed by 
evaporation under reduced pressure, and the residue was purified by silica gel column chromatography, 
using methylene chloride as the eluent to afford 3.49 g of the title compound as an oily substance. 
Silica gel thin layer chromatography, Rf value 0.80. 

45 

Elemental analysis: 
Calculated for C15HXN2O3: 

C. 62.90%; H, 10.56%; N. 9.78%, 
Found: 

50 C, 62.65%; H, 10.37%; N, 9.60%. 



PREPARATION 54 



55 
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Methyl N-[N"(t-butoxycarbonvlh3-(4"thia2olyl)-L"alanyll-cyclostatinate 

2 mi of thionyi chloride wer added, at -20°C. to 20 ml of methanol, and the resulting solution was 
stirred for 10 minutes. At th nd of this tim , 2.85 g (9.0 mmole) of N-(t-butoxycarbonyl)-(3S. 4§h4-amino- 

s 5-cycloh xyl-3-hydroxypentanoic acid were added to the solution, and the reaction mixture was stirred at ■ 
room t mperature for 14 hours. The solv nt was then removed by distillation, and the residue was dried by 
azeotropic distillation with b nzen 3 times, to afford methyl (3S, 4SM-amino-5-cyclohexyI-3-hydroxypen- 
tanoate hydrochloride. The whole of this hydrochloride was dissolved in 30 ml of dimethyiformamide, and 
2.71 g (9.9 mmol) of N-(t-butoxycarbonyl)-3-(4-thia2olyl)-L-alanine. 1.97 g (10.9 mmole) of diethyl 

10 cyanophosphonate (95%) and 2.76 ml (19.9 mmole) of triethylamine were added to the solution. The 
reaction mixture was then stirred at room temperature for 3 hours, after which the solvent was removed by 
evaporation under reduced pressure and the residue was dissolved in ethyl acetate. The resulting organic 
solution was washed with a 5% w/v aqueous solution of sodium bicarbonate, with a 5% w.v aqueous 
solution of citric acid and with a saturated aqueous solution of sodium chloride, in that order. It was then * 

75 dried over anhydrous sodium sulphate. The solvent was then removed by distillation under reduced 
pressure, and the residue was purified by silica gel column chromatography (eluent a 50 : 1 by volume 
mixture of methylene chloride and methanol), after which it was triturated with diethyl ether, to give 3.76 g $ 
of the title compound as white crystals, melting at 128 - 130°C. 
Silica gel thin layer chromatography. Rf value 0.69. 

20 

Elemental analysis: 
Calculated for G23H37N3O6S: 

C f 57.12%; H t 7.71%; N, 8.69%; S, 6.63%. 
Found: 

25 C, 56.87%; H, 7.75%; N, 8.41%; S. 6.48%. 



PREPARATION 55 

30 Methyl N-fN-[N-(t-butoxycarbonyl)-3-cycloh 

Methyl N-[3-{4-thia2olyl)-L-alanyl]-cyclostatinate hydrochloride was obtained by removing the t-butox- 
ycarbonyl group from 2.0 g (4.14 mmole) of methyl N-tN-(t-butoxycarbonyi)-3:(4-thia2olyl)-L-alanyl]- 
cyclostatinate (prepared as described in Preparation 54) by treating it with a 4N solution of hydrogen 
35 chloride in dioxane. Meanwhile, the free carboxylic acid was obtained from 1.87 g (4.14 mmole) of the N-(t- 
butoxycarbonyl)-3-cyclohexyl-L-alanine dicyclohexylamine salt (prepared as described in Preparation 52) by 
treating it with 1N aqueous hydrochloric acid. The whole of the resulting compounds were dissolved in 20 
ml of tetrahydrofuran. 

0.90 g (4.97 mmole) of diethyl cyanophosphonate (95%) and 1.84 ml (13.3 mmole) of triethylamine 
40 were added, whilst ice-cooling, to the tetrahydrofuran solution obtained above, and the mixture was then 
stirred at room temperature for 14 hours. At the end of this time, the reaction mixture was concentrated by 
evaporation under reduced pressure, and the residue was dissolved in ethyl acetate. The resulting solution 
was washed with a 5% w/v aqueous solution of citric acid, with a 5% w/v aqueous solution of sodium 
bicarbonate and with a saturated aqueous solution of sodium chloride, in that order, after which it was dried 
45 over anhydrous sodium sulphate. The solvent was then removed by evaporation under reduced pressure, 
and the residue was crystallized from hexane. to afford 2.55 *g of the title compound as white crystals, 
melting at 82 - 85° C 

50 PREPARATION 56 

N-{N-[N-(N-Benzyl-N-methylamin6aceWI)-3-cy^ 

N-{N4N-(toutoxycarbonyl)-3^yclohe hydrochloride was 

55 obtained by removing the t-butoxycarbonyi group from 2.30 g (3.61 mmole) of methyl N-{N-[N-(t- 
butoxycarbonyi)-3-cyclohexyl-L-alanyl]-3-(4-thiazolyi)-L-alanyl}-cyclostatinate (prepared as described in 
Preparation 55) by treating it with a 4N solution of hydrogen chloride in dioxane. The whole of the resulting 
compound and 0.78 g (4.33 mmole) of N-benzyl-N-methylaminoac tic acid were then dissolved in 10 ml of 
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dim tylformamide. 0.78 g (4.33 mmole) of* diethyl cyanophosphonat (95%) and 1.61 ml (11.6 mmole) of 
triethylamine were then added, whilst ice-cooling, to the resulting solution, and the solution was. stirred at 
room temperature for 18 hours. At the end of this time, the reaction mixture was concentrat d by 
evaporation under reduced pressure, and the residue was purified by silica gel column chromatograpny 

5 (eluent a 20 : 1 by volume mixtur of m thylen . chloride and methanol), to afford 1 .87 g of methyl N-{N- 
[N-benzyl-N-m thylaminoacBtyl-3-cyclohexyl-L-alanyl]-3-(4-thi^ . 

1.44 g (2.06 mmole) of this methyl N-{N-[N-benzyl-N-m thylaminoacetyl-3-cyctohexyl-L-alanyt]-3-(4- 
thiazolyl)-L-alanyl}-cyclostatinate was dissolved in 10 ml of methanol, 2.48 ml (2.48 mmole) of a 1N 
aqueous solution of sodium hydroxide were added thereto, and the mixture was stirred at 0°C for 1 hour. At 

io the end of this time, the reaction mixture was neutralized by the addition of 0.62 ml (2.48 mmole) of a 4N 
solution of hydrogen chloride in dioxane, after which it was concentrated by evaporation under reduced 
pressure. The residue was dissolved in methylene chloride, and the resulting solution was washed with 
water and dried over anhydrous sodium sulphate. The solvent was then removed by evaporation under 
reduced pressure. The residue was crystallized by the addition of diethyl ether, to afford 1.34 g of the 

75 monohydrate of the title compound as white crystals, melting at 109 - 1 12°C. 



i Elemental analysis: 

Calculated for CxHsNsOeS ■ H2O: 
C, 61.60%; H. 7.90%; N, 9.98%; S. 4.57%. 
20 Found: 

C, 61 .66%; H. 7.70%; N, 9.93%; S. 4.73%. 



PREPARATION 57 

25 

N-(t"Butoxycarbonyl)-cyclostatin-(2-pyrrolidvlethyl)amide 

202 mg (2.0 mmole) of triethylamine were added dropwise. whilst ice-cooling, to a solution of 250 mg 
(0.79 mmole) of N-(t-butoxycarbonyl)-cyclo$tatin, 109 mg (0.96 mmole) of 1-(2-aminoethyl)pyrrolidine and 
ao 194 mg (1.2 mmole) of diethyl cyanophosphonate (95%) in 5 ml of methylene chloride, and the mixture was 
stirred for 3 hours at room temperature. At the end of this time, ethyl acetate was added, and the reaction 
mixture was washed with a 10% w/v aqueous solution of sodium bicarbonate, dried over anhydrous sodium 
sulphate, and evaporated to dryness under reduced pressure, to give 325 mg of the title compound. 



35 

PREPARATION 58 



N-[N*(t-Butoxycarbonyl)-L*leucyl1-cyclostatin*[3"(2*oxo-1-pyrrolidinyl)propyl]amide 

40 A solution of 1.37 g (5.5 mmole) of N-(t-butoxy carbonyl)-L-leucine hydrate was dried by azeotropic 
distillation 2 - 3 times with methanol. Meanwhile, the t-butoxycarbonyl group was removed from 2.20 g (5 
mmole) of N-(t-buto>cycarbonyl)-cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyl]amlde by treatment with a 4N 
solution of hydrogen chloride in dioxane. The whole of the above two starting compounds were dissolved in 
25 ml of methylene chloride, and then 1.03 g (6 mmole) of diethyl cyanophosphonate (95%) and 2.02 g (20 

45 mmole) of triethylamine were added to the resulting solution, and the mixture was stirred, whilst ice-cooling, 
for 1 hour and then at room temperature for 3 days. At the end of this time, the reaction mixture was 
concentrated by evaporation under reduced pressure, and the residue was- extracted with ethy l .acetate. The 
extract was washed with a 10% w/v aqueous solution of citric acid, with water, with a 5% w/v aqueous 
solution of sodium bicarbonate and with a saturated aqueous solution of sodium chloride, in that order. It 

so was then dried over anhydrous magnesium sulphate, and the solvent was removed by distillation under 
reduced pressure. The residue was dissolved in methylene chloride, insoluble materials were removed by 
filtration, and . the solvent was evaporated under reduced pressure. The residue was triturated with diethyl 
ether to afford 12.25 g of the 0.25-hydrate of the title compound, melting at 170~n73 o C 

ss Elemental analysis: 
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Calculated for CsHv^Os * <'<HiO: 
C, 62.50%; H. 9.5Q%: N, 10.06%. 
Found: 

C, 62.40%; H. 9.46%; N. 10.04%. 

5 

PREPARATION 59 

N-[N a -(t-Butoxycarbonvl)-L-tryptophyl1-cvc^^ 

70 

2.0 g (4.55 mmole) of N-(t-butoxycarbonyl)-cyciostatin-3-{2-oxo-l -pyrrolidinyl)propylamide were treated 
with 20 ml of a 4N solution of hydrogen chloride in dioxane to remove the t-butoxycarbonyl group, and the 
mixture was then evaporated to dryness. The residue was thoroughly dried by azeotropic distillation 2-3 
times with 20 ml portions of benzene. 1.52 g (4.99 mmole) of N a -(t-butoxycarbonyl)-L-tryptophan was * 

J5 added to the product, and then 20 ml of methylene chloride were added to the mixture to prepare a 
suspension. 1.11 g (6.8 mmole) of diethyl cyanophosphonate (95%) and 0.92 g (9.1 mmole) of triethylamine 
were then added to this suspension, whilst ice-cooling and stirring. The reaction mixture was then stirred at $ 
room temperature overnight, after which it was concentrated by evaporation under reduced pressure. Ice- 
water was added to the residue, which was then extracted with ethyl acetate. The extract was washed with a 

20 10% w/v aqueous solution of citric acid, with a 10% w/v aqueous solution of sodium bicarbonate and with a 
saturated aqueous solution of sodium chloride, in that order. It was then dried over anhydrous sodium 
sulphate. The solvent was removed by evaporation under reduced pressure, and the residue was purified 
by preparative silica gel thin layer chromatography (developing solvent: a 1 : 10 by volume mixture of 
methanol and chloroform) and the product was reprecipitated from a mixture of methylene chloride and 

25 hexane, to give 2.8 g (yield 96%) of the title compound as a pale yellow powder. 



PREPARATION 60 

30 Methyl N-bromoacetyl-3-(1 -naphthyl)-L-alanate 

30 ml of methylene chloride were added to 1.3 g (5 mmoles) of methyl 3-(l-naphthyl)-L-alanate 
hydrochloride. 1.11 g (11.1 mmoles) of triethylamine and 1.02 g (5.5 mmoles) of bromoacetyl chloride were 
added, with stirring and whilst ice-cooling, to the mixture, after which the mixture was stirred* at room 
35 temperature for 1 hour. At the end of this time, the solvent was removed by distillation under reduced 
pressure, and the residue was mixed with water. It was then extracted with ethyl acetate. The organic 
extract was dried, the ethyl acetate was removed by distillation under reduced pressure, and the residue 
was recrystallized from a mixture of ethyl acetate and hexane, to afford 1.5 g of the title compound, melting 
at110°C. 

40 

PREPARATION 61 
N-Morpholinoacetyl-L-phenylalanine 

45 

61(a) Ethyl N-bromoacetyl-L-phenylalanate 

4.3 ml (52.1 mmoles) of bromoacetyl chloride were added dropwise, whilst ice-cooling, to a solution of 
11.49 g (50 mmoles) of ethyl L-phenylaianate and 14.3 ml (103 mmoles) of triethylamine dissolved in 100 
so ml of methylene chloride, and the mixture was stirred at room temperature for 2 hours. At the end of this 
time, the reaction mixture was washed with water, dried over anhydrous magnesium sulphate and 
concentrated by evaporation under reduced pressure. The residue was purified by column chromatography 
through silica gel (eluent methylene chloride containing 5% by volume methanol), to afford 14.67 g of the 
title compound as white crystals. 

55 
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61(b) Ethyl N-morpholinoacetyl-L-phenylalanate 

A mixture of 4.95 g (15.8 mmoles) of thy I N-bromoac tylphenyl-L-alanat (prepared as described in 
step (a) above], 1.65 g (18.9 mmof s) of morpholine and 0.92 g (8.69 mmoles) of sodium carbonate in 50 
5 ml of dimethylformamide was stirred at room temperatur for 6 hours and then allowed to stand overnight. 
At th end of this time, the reaction mixture was evaporated to dryness under reduced pressure, and the 
residue was mixed with a small amount of water and then extracted with ethyl acetate. The extract was 
dried over anhydrous magnesium sulphate, and the solvent was distilled off. The residue was purified by 
. column chromatography through silica gel (eluent: a 1 : 1 by volume mixture of ethyl acetate and hexane), 
/o to give 4.14 g of the title compound as a yellow oil. 

61 (c) N-Morpholinoacetyl-L-phenylalanine 

/s A mixture of 4.14 g (12.9 mmoles) of ethyl N-morpholinoacetyl-L-phenylalanate [prepared as described 
in step (b) above] and 40 ml of a 1 N aqueous solution of sodium hydroxide in 40 ml of methanol was stirred 
at room temperature for 3 hours. At the end of this time, 40 ml of 1N aqueous hydrochloric acid were 
added, whilst ice-cooling, to the reaction mixture, and a small quantity of the resulting insoluble materials 
was removed by filtration. The filtrate was evaporated to dryness under reduced pressure, to afford 3.73 g 

20 of the title compound as an amorphous material. 

Silica gel thin layer chromatography, Rf value 0.19 (developing solvent: a 4 : 1 : 1 by volume mixture of 
butanol. acetic acid and water). 



25 PREPARATION 62 

N-(t-Butoxycarbonyl)-cyclostatin-(2-morpholinoethyl)amide 

A solution of 5.0 g (11.9 mmole) of N-(t-butoxycarbonyl-(3S. 4S)-4-amino-3-hydroxy-5-phenylpentanoic 
30 acid (2-morpholinoethyl)amide in 20 ml of methanol was subjected to hydrogenation at 30 - 50 psi for 18 
hours in the presence of 500 mg of 5% w/w rhodium/alumina. The catalyst was removed by filtration, after 
which the solvent was removed from the filtrate by evaporation under reduced pressure. The residue was 
purified by silica gel column chromatography (eluent a 10 : 1 by volume mixture of methylene chloride and 
methanol), to afford 4.9 g of the title compound as white crystals, melting at 68 - 69° C. 
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Claims 

1 . Compounds of formula (I): 

♦ • 

i i 

• • 

\ / 

R 2 R 3 • (I) 

CH 2 CH 2 CH 2 R 4 

.1 I I / 

R 1 -C-A-CH-C-NH-CH-C-NH-CH-CH-CH 2 -C-N 
II II II | II \ 

OO 0 OH 0 R 5 

wherein: 

R 1 repres nts a Ci -Ce alkyl group, a Ci -C6 alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 
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R6 

/ 

-N . jf II) 

• \ 

R7 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C; -C6 alkyl 
group, an aryl group, -an aralkyl group or a C3 -C« cycloalkyi group. 

or a nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or. when A represents a group of 
•formula -(CH2) n -. a group of formula (II). as defined above; 

Rz represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 
from substituents (a), defined below, a naphthyl group or a naphthyl group having at least one substituent 
selected from substituents (a), defined below; 

R3 represents an aromatic heterocyclic group having from 5 to 14 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a), defined below, or a C< -Ce alkyl group: 
R 4 represents a C1 -Cs alkyl group or a C1 -Cs alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having from 5 to 14 ring atoms and groups of formula (III): 



-N 



(III) 



in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a 0- -Ce alkyl 
group: 

R 5 represents a hydrogen atom or a C1 -Cs alkyl group; 

A represents a group of formula -NH-or -(CH2) n -. in which n represents an integer of from 1 to 3: 
said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 5 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms and being unsubstituted or having at least one 
substituent selected from substituents (a) and substituents (b); 



substituents (a): Ci-fcs alkyl groups. Ci -C* alkoxy groups. Ct -C/ aliphatic carboxylic acyl groups, C1 -C? 
aliphatic carboxylic acyloxy groups, aromatic carboxylic acyl groups, aromatic carboxylic acyloxy groups, Ci 
-C7 aliphatic carboxylic acylamino groups, aromatic carboxylic acylamino groups, heterocyclic-carbonyl 
groups, provided that any such heterocyclic-carbonyl substituent is not itself substituted by a substituted 
heterocyclic or heterocyclic-carbonyl group, arylaikenoyl groups in which the alkenoyl part is C3 -C? t 
trifluoromethyl groups, halogen atoms, nitro groups, cyano groups, amino groups. C« -C* alky lam ino groups, 
diaikylamino groups in which each alkyl part is Ct -Ci, aikyicarbamoyl groups in which the alkyl part is Ci - 
C*, diaJkylcarbamoyl groups in which each alkyl part is Ct -C* alkoxycarbonyloxy groups in which the 
alkoxy part is Ci -Ci. heterocyclic groups, provided that any such heterocyclic substituent is not itself 
substituted by a substituted heterocyclic or heterocyclic-carbonyl group, carboxy groups and esters and 
amides of said carboxy groups, the aromatic parts of said aromatic acyl. acyloxy and acylamino groups 
being Ce -C10 carbocyclic aryl groups which are unsubstituted or have at least one substituent selected from 
Ci -Ca alkyl groups, Ci -C< alkoxy groups and halogen atoms; 



substituents (b): aryl groups and oxygen atoms; 

said aryl groups and the aryl parts of said aralkyl groups are Ce -Cm carbocyclic aryl groups which- are 
unsubstituted or have at least on substituent selected from substituents (a), defined abov , provided that. 
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where said substituent (a) is a group containing an aryl group, this is not itself substituted by another group 
containing a substituted aryl group; and 

the alkyl parts of said aralkyl groups have from 1 to 4 carbon atoms; 
and pharmaceutical^ acceptable salts thereof. 
5 2. Compounds according to Claim 1 , wherein: 

R 1 represents a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II): 



R 6 _ 
-N (II) 

R 7 

rs in -which R 6 and R 7 are the same or different and each represents a hydrogen atom or a Ci -C* alkyl 

group; 

R 2 represents a cyclohexyl group, a phenyl group or a naphthyl group; 
R 3 represents an imidazolyl group, a thiazolyl group or an isoxazolyl group; 
20 R* represents a Ci -C4 alkyl group having at least one substituent which is a heterocyclic group having 5 or 
6 ring atoms or a group of formula (III): 



R8 

/ 

25 -N (III) 

\ 

R9 

30 in which R e and R 8 are the same or different and each represents a hydrogen atom or a Ci -O4 alkyl 

group; 

rs represents a hydrogen atom; and 
A represents a group of formula -CHr; 
35 said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms. 

3. Compounds according to Claim 1 . wherein: 
R 1 represents a Ci -Ce alkyl group having at least one substituent which is a pyridyl group, a non-aromatic 
nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II): 

40 

/ 

-N (ID 
R 7 



in which fl 6 and R 7 are the same or different and each represents a hydrogen atom, a Ct -Cs alkyl 
9 group, a phenyl group, an aralkyl group or a C3 -Ca cycloalkyl group; 

50 

R 2 represents a phenyl group or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms; 

R* represents a Ci -Ca alkyl group having at least one substituent which is a hydroxy group, a pyridyl group, 
a non-aromafic heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 
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/ 

-N (III) 
\ 

R9 

in which and R 8 and R 9 are the same or different and each represents a hydrogen atom or a Cr -C 6 
alkyl group; 
70 R 5 represents a hydrogen atom; 

A represents a group of formula -NH-; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having . 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 
4. Compounds according to Claim 1 , wherein: 
75 R* represents: a Ci -Ce alkyl group; a Ci -C2 alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

R6 

/ 

20 -N (II) 

\ 

R7 



25 in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ce alkyl 

group, an aralkyl group or a C3 -C7 cycloalkyl group, 

a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II), as defined 
above; 

30 R 2 represents a phenyl group, a phenyl group having at least one substituent selected from substituents (a), 
defined in Claim 1, a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined in Claim 1; 

R 3 represents an aromatic heterocyclic group having from 5 to 10 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a), defined in Claim 1 , or a Ct -C6 alkyl 
35 group* 

R d represents a Ci -Ce alkyl group or a Ci alkyl group having at least one substituent which is a hydroxy 
group, a pyridyi group, an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or 
a group of formula (III): 



40 R 8 

/ 

-N (III) 
\ 

R9 

45 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a Ci -C6 alkyl 
group; 



R5 represents a hydrogen atom; 

A represents a group of formula -(CH2)„-, in which n represents an integer of from 1 to 3; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 

from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 

5. Compounds according to Claim 1 . wherein: 
R 1 represents a Ci -Ce alkyl group having at least one substituent selected from pyridyi groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 
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w 



25 



40 



R6 

/ 

-N (II) 
\ 

R7 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ce alkyi 
group, a phenyl group, an aralkyl group or a C3 -C7 cycloalkyl group, 



or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms: 

R 2 represents a phenyl group, a phenyl group having at. least one substituent selected from substituents (a), 
defined in Claim 1, a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined in Claim 1 ; 
15 R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined in Claim 1 . or a C« -Ce alkyl group; 
R* represents a Ci -C6 alkyl group having at least one substituent which is a hydroxy group, a pyridyl group, 
an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or a group of formula (111): 

R 8 

/ 

-N (III) 
\ 

R9 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a Ct -Ce alkyl 
group: 

30 R 5 represents a hydrogen atom; 

A represents a group of formula -NH-; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 
6. Compounds according to Claim 1 , wherein: 
35 R 1 represents a Ci -C6 alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

R6 

/ 

-N (II) 
\ 

R7 

45 in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ce alkyl 

group, a phenyl group, an aralkyl group or a C3 -C7 cycloalkyl group, 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms; 
R 2 represents a cyclohexyl group; 
50 R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined in Claim 1 , or a Ci -Ce alkyl group; 
R 4 represents a Ci -Ce alkyl group or a Ci -Ce alkyl group having at least one substituent which is a. hydroxy 
group, a pyridyl group, an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or 
a group of formula (III): 

55 
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R8 

/ ■ 
-N " (III) 
\ 

R* 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C* -Ce alky I 
group; 

R 5 represents a hydrogen atom; 

A represents a group of formula -NH-; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 

7. Compounds according to Claim 1, wherein: 
R' represents a Ci -C6 aikyl group having at least one substituent selected from non-aromatic nitrogen- 
containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



-N 



R7 



(II) 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C« -C$ alky I 
group, a phenyl group, an araikyl group or a C3 -Cz cycloaikyi group, 

a pyridyl group or a non-aromatic nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or, 
when A represents a group of formula -(CH^n-a group of formula (Il) f as defined above; 
R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 
from substituents (a) f defined in Claim 1. a naphthyl group or a naphthyl group having at least one 
substituent selected from substituents (a), defined in Claim 1 ; 

R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 

having at least one substituent selected from substituents (a), defined in Claim 1 , or a & -Cs aikyl group: 

R* represents a Ci -Ce aikyl group; 

R5 represents a hydrogen atom or a Ci -Ca aikyl group; 

A represents a group of formula -NH-; 

said aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring 
hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 

8. Compounds according to Claim 1 , wherein: 
R 1 represents a C3 -C6 aikyl group, a Ci -Oa aikyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 

R6 

/ 

-N (II) 
\ 

R7 

in which R 6 arid R 7 are the same or different and each represents a hydrogen atom, a Ci -C* aikyl 
group, a phenyl group, an araikyl group ora"Cs -C7 cycloaikyi group, 

or a nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or, when A represents a group of 
formula -(CHz)„- t a group of formula (II), as defined above; * 

R 2 represents a cyclohexyl group, a ph hyl group, a phenyl gr up having at least one substitu nt s lected 
from substituents (a'), defined b low, a naphthyl group or a naphthyl group having at least one substituent 



168 



0 274 259 



sel cted from substitu nts (a'), defined below; 

R 3 represents an aromatic .h terocyclic group having from 5 to 10 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a'), defined below, or a Ct -C* alkyl group: 
R* repr sents a Ct -C« alkyl group or a Ct -Ce alkyl group having at least one substituent which is a hydroxy 
5 group, a h terocyclic group having 5 or 6 ring atoms or a group of formula (III): 



w 



-N 



(III) 



R9 



in which R fi and R 9 are the same or different and each represents a hydrogen atom or a Ci.-C* alkyl 
;s group; 

R 5 represents a hydrogen atom or a Ci -C6 alkyl group; 

A represents a group of formula -NH-or -(CHb),,-, in which n represents an integer of from 1 to 3; 
said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
20 from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a') and substituents (b). defined 
in Claim 1; 



25 

substituents (a') : Ci -C6 alkyl groups. Ci -C< alkoxy groups, trifluoromethyl groups, halogen atoms, nitro 
groups, cyano groups, amino groups. C< -C* alkylamino groups, dialkylamino groups in which each alkyl 
part is Ci -C*. aikylcarbamoyl groups in which the alkyl part is Ci -C*, dialkylcarbamoyl groups in which 
each alkyl part is Ci -C4, alkoxycarbonyloxy groups in which the alkoxy part is Ci -C*. heterocyclic groups. 
30 provided that any such heterocyclic substituent is not itself substituted by a substituted heterocyclic or 
heterocyclic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 

said aryl groups and the aryl parts of said aralkyl groups are Ce -C«o carbocyclic aryl groups which are 
unsubstituted or have at least one substituent selected from substituents (a'), defined above; and 
35 the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms. 
9. Compounds according to Claim 1, wherein: 

R 1 represents a C 3 or C* alkyl group, a Ci -& alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

40 



(ID 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ci alkyl 
group, a phenyl group, an unsubstituted aralkyl group or a Cs or Ce cycloalky! group. 

50 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or, when A represents a group of 

formula -<CH2)„-. a group of formula (II). as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 
55 group having at least one substituent selected from substituents (a*), defined below, or a C3 alkyl group; 
R 4 repr s nts a Ct -Ce alkyl group or a Ci -Ce alkyl group having at I ast one substituent which is a hydroxy 
group, a h terocyclic group having 5 or 6 ring atoms or a group of formula (III): 



45 



R6 



-N 
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R8 

/ 

-N (III) 
\ 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom, a methyl group or 
an ethyl group; 

R5 represents a hydrogen atom; ~ 

A represents a group of formula -NH-or -(CHz) n - t in which n represents an integer of from 1 to 3; 
said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a"), defined below, and 
substituents (b), defined in Claim 1; 



substituents (a*) : Ci -C* alkyl groups, O -C2 alkoxy groups, trifluorom ethyl groups, halogen atoms, nitro 
groups, cyano groups, amino groups. C1 -C* alkylamino groups, dialkylamino groups in which each alkyl 
part is Ci -Ci alkylcarbamoyl groups in which the alkyl part is C1 -Ci. dialkylcarbamoyl groups in which 
each alkyl part is Ci -Oz* alkoxycarbonyloxy groups in which the alkoxy part is Ci -Cd. heterocyclic groups, 
provided that any such heterocyclic substituent is not itself substituted by a substituted heterocyclic or 
heterocyclic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 

the aryl parts of said aralkyl groups are phenyl groups which are unsubstituted or have at least one 

substituent selected from substituents (a"), defined above; and 

the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms. 

10. Compounds according to any one of the preceding Claims, wherein n is 1. 

11. Compounds according to Claim 1. wherein: 

R 1 represents a branched chain C3 or C4 alkyl group, a Ci -C* alkyl group having at least one substituent 
selected from nitrogen-containing heterocyclic groups having 5 or. 6 ring atoms and groups of formula (II): 

R* 

/ 

-N {ID 
\ 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -C* alkyl 
group, a phenyl group, an unsubstituted aralkyl group or a C5 or Ce cycloalkyl group 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms and combined through its nitrogen 

atom or a group of formula (II), as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group or a C3 alkyl 
group; 

R 4 represents a Ci -Ce alkyl group or a Ci -Ce alkyl group having at least one substituent which is a hydroxy 
group, a heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 

R8 

/ 

-N- (III) 
\ 

R* 
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in which R 8 and R 9 are the same or different and each repres nts a hydrogen atom, a methyl group or 
an ethyl group; 

R 5 represents a hydrogen atom; 

5 A represents a group of formula -CHr; 

said heterocyclic groups, aromatic heterocyclic groups, and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a"), defined in Claim 9, and 
substituents (b), defined in Claim 1; 

io the aryl parts of said aralkyl groups are phenyl groups which are unsubstituted or have at least one 
substituent selected from substituents (a'), defined in Claim 9; and 
the alky I parts of said aralkyl groups have from 1 to 3 carbon atoms; 
and pharmaceutical^ acceptable salts thereof. 
12. Compounds according to Claim 1, wherein: 

is R 1 represents a Ci -C< alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (H): 

20 ^ 

-N (II) 
\ 

R 7 



25 in which R 6 and R 7 are the same or different and each represents a Ci -C< alkyl group, a phenyl group, 
an unsubstituted aralkyl group or a Cs or C6 cycloaikyl group, 

or a pyridyl group, a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or, when 

A represents a group of formula -CHr. a group of formula (II), as defined above; 
30 R 2 represents a cyclohexyi group, a phenyl group or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 

group having at least one substituent selected from substituents (a*), defined in Claim 9, or a C3 alkyl group; 

R* represents a C3 or C* alkyl group or a Ci -C6 alkyl group having at least one substituent which is a 

heterocyclic group having 5 or 6 ring atoms or a dialkylamino group, in which each alkyl part is Ci -C4; 
35 R 5 represents a hydrogen atom; 

A represents a group of formula -NH-or -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a*), defined in Claim 9. and 

40. substituents (b), defined in Claim 1; 

the aryl parts of said aralkyl groups are phenyl groups; and 

the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms. 

13. Compounds according to Claim 1. wherein: 
R 1 represents a Ci -C* alkyl group having at least one substituent selected from non-aromatic nitrogen- 

45 containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

R6 



\ 

R 7. 

in which R 6 and R 7 are the same or different and each represents a Ci -C* alkyl group, a phenyl group, 
5 5 an unsubstituted aralkyl group or a cyclohexyi group, 

or a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or, when A represents a 
group of formula -CHr. a group of formula (II). as defined above; 
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R2 r presents a ph nyl group or a naphthyl group; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, an indolyl group, a phenyl group or 
a C3 or Ci alky! group; 

R* r presents a C3 or C* alkyl group or a C- -Ce alkyi group having at least one substituent which is a 
heterocyclic group having 5 or 6 ring atoms or a diaikylamino group, in which ach alkyl part is Ci -C*; 
R 5 represents a hydrogen atom; 
A repr sents a group of formula -NH-or -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 

from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 

unsubstituted or having at least one substituent selected from substituents (a*), defined in Claim 9. and 

substituents (b), defined in Claim 1; 

the aryl parts of said aralkyl groups are phenyl groups; and 

the alkyl parts of said aralkyl groups have 1 or 2 carbon atoms. 

14. Compounds according to Claim 1, wherein R 1 represents a t-butyl group, a C1 -C3 alkyl group 
having a single substituent selected from: 

groups of formula (II). as defined in Claim 1 in which R 6 represents a C- -Cd alkyl group and R 7 
represents a Ci -C* alkyl group, a benzyl group or a cyclohexyl group, and heterocyclic groups having 5 or 
6 ring atoms, of which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from 
nitrogen, oxygen and sulphur hetero-atoms, 

a group of formula (II), defined in Claim 1 in which R 6 represents a Ci -Ci alkyl group and R 7 represents a 
Ci -Ca alkyl group, a benzyl group or a cyclohexyl group, or a heterocyclic group having 5 or 6 ring atoms, 
of which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from nitrogen, oxygen 
and sulphur hetero-atoms. 

15. Compounds according to Claim 1. wherein R 1 represents a Ci -C3 alkyi group having a single 
substituent selected from: 

morpholino, thiomorpholino. piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ci -C3 alkyl groups, C2 -C* alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; diaikylamino 
groups in which each alkyl part is Ci -C*; benzylamino groups; and N-alkyl-N-benzylarnino. N-alkyl-N- 
phenethylamino and N-alkyl-N-cyclohexylamino groups in which the alkyl part is Ci -C*; 

a morpholino group; a thiomorpholino group; a piperidyl group; a pyrrolidinyl group; a piperazinyl group 
which has a single substituent selected from Ci -C3 alkyl groups, C2 -Ci alkoxycarbonyl groups, phenyl 
groups, pyridyl groups and phenyl groups having at least one substituent selected from halogen atoms. Ci - 
C3 alkoxy groups and trifluoromethyl groups; a diaikylamino group in which each alkyl part is Ci -Ca; or an 
N-alkyl-N-benzylamino, N-alkyi-N-phenethylamino or N-alkyl-N-cyclohexylamino group in which the alkyl 
part is Ci -C*. 

16. Compounds according to Claim 1, wherein R 1 represents a Ci -C3 alkyl group having a single 
substituent selected from: 

morpholino, thiomorpholino, piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ci -C3 alkyl 'groups, C2 -C* alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; benzylamino 
groups; diaikylamino groups in which each alkyl part is Ci -C*; and N-alkyl-N-benzylamino. N-alkyl-N- 
phenethylamino and N-alkyl-N-cyclohexylamino groups in which the alkyl part is Ci -C*; 

a morpholino group; a piperazinyl group which has a single substituent selected from Ci -C3 alkyl groups, 
ethoxycarbonyl groups, phenyl groups and phenyl groups having at least one substituent selected from 
halogen atoms. Ci -C3 alkoxy groups and trifluoromethyl groups; or an N-alkyl-N-benzylamino or N-alkyl-N- 
cyclohexylamino group in which the alkyl part is Ci -Cd. 

17. Compounds according to Claim 1. wh rein R l represents a 4-pheny 1-1 -piperazinyl, N-methyl-N- 
benzylamino, morpholino, N-methyl;N-cyclohexylaminomethyl. N-methyl-N-benzylaminomethyl, N- 
isopropyl-N-b nzylaminomethyl, benzylaminomethyl, 4-phenyM-piperazinylmethyl, diethylaminomethyl. N- 
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methyl-N-butylaminomethyL N -methyl- N-phenylaminomethyl, morpholinom thyl, 3-morpholinopropyl, 4-{4- 
fluorophenyl)-1-piperazinylm thyl. 4-(4-chlorophenyl)-1-piperazinylm thyl, 4-(4-methoxyphenyl)-l- 
piperazinylmethyl, N-methyl-N-phenemylaminomethyi. dtisobutylaminomethyl or 4-(4-chlorob nzhydryl)-1- 
pipera2inylmethyl group. 

18. Compounds according to Claim 1 or any one of Claims 15 to 17, wherein R 2 represents a phenyl or 
naphthyl group. 

19. Compounds according to Claim 1 or any one of Claims 15 to 17, wherein R 2 represents a naphthyl 
group. 

. 20. Compounds according to Claim 1 or any one of Claims 15. to 19, wherein R 3 represents a thienyl. 
isoxazolyl. thiazoiyl, imidazolyl, pyridyt, indolyl, phenyl or isopropyl* group. 

21. Compounds according to Claim 1 or any one of Claims 15 to 19, wherein R 3 represents a thienyl, 
isoxazolyl. thiazoiyl. imidazolyl or isopropyl group. 

22. Compounds according to Claim 1 or any one of Claims 15 to 21, wherein R* represents a C3 -C6 
alky I group or a Ci -C* aikyl group having a single substituent which is a heterocyclic group having 5 or 6 
ring atoms. 

23. Compounds according to Claim 1 or any one of Claims 1 5 to 21 . wherein R 4 represents a propyl, 
butyl, isobutyl. sec-butyl, pentyl, isopentyf. 2-methylbutyl. hexyl, isohexyl or 2-methylpentyl group, a C1 -C3 
alkyl group having a morpholino or 2-oxopyrroIidinyl substituent or a l-morpholinomethyl-2-methylbutyl 
group. 

24. Compounds according to Claim 1 or any one of Claims 15 to 21, wherein R* represents a 2- 
morpholinoethyl, propyl, butyl, isobutyl, pentyl. isopentyl. 2-methylbutyl, hexyi. 3-(2-oxo-l-pyrrolidinyl)propyl 
or l-morpholinomethyl-2-methylbutyl group. 

25. Compounds according to Claim 1 or any one of Claims 15 to 24. wherein A represents a group of. 
formula -NH-or -(CH2) n -. in which n represents 1 or 2. 

26. Compounds according to Claim 1, wherein: 

R 1 represents a Ci -C3 alkyl group having a single substituent selected from: 

morpholino, thiomorpholino. piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ct -C3 alkyl groups. C2 -C< alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; dialkylamino 
groups in which each alkyl part is Ci -C*; benzylamino groups; and N-alkyl-N-benzylamino. N-alkyl-N- 
phenethylamino and N-alkyl-N-cyclohexylamino groups in which the alkyl part is Ci -C*; 

a morpholino group; a thiomorpholino group; a piperidyl group: a pyrrolidinyl group; a piperazinyl group 
which has a single substituent selected from Ci -C3 aikyl groups, C2 -& alkoxycarbonyl groups, phenyl 
groups, pyridyl groups and phenyl groups having at least one substituent selected from halogen atoms, Ci - 
C3 alkoxy groups and trifluoromethyl groups; a dialkylamino group in which each alkyl part is Ci -C*; or an 
N-alkyl-N-benzylamino, N-alkyl-N-phenethylamino or N-alkyl*N-cyciohexylamino group in which the alkyl 
part is Ci -Cj; 

R 2 represents a phenyl or naphthyl group; 

R3 represents a thienyl. isoxazolyl. thiazoiyl, imidazolyl, pyridyl, indolyl, phenyl or isopropyl group; 

R* represents a C3 -Ce alkyl group or a Ci -C* alkyl group having a single substituent which is a heterocyclic 

group having 5 or 6 ring atoms; and 

A represents a group of formula -NH-or -{CHdn-, in which n represents 1 or 2. 

27. Compounds according to Claim 1 , wherein; 

R 1 represents a Ci -C3 alkyl group having a single substituent selected from: 

morpholino, thiomorpholino, piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ci -C3 alkyl groups, O2 -Ci alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; benzyiamino 
groups; dialkylamino groups in which each alkyl part is Ci -C*; and N-alkyl-N-benzylamino, N-alkyl-N- 
phenethylamino and N-alkyl-N-cyclohexylamino groups in which the alkyl part is Ci -C<; 

a morpholino group; a piperazinyl group which has a single substituent sel cted from Ct -C3 alkyl groups, 
ethoxycarbonyl groups, phenyl groups and phenyl groups having at least one substituent selected frorh 
halogen. atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; or an N-aJkyl-N-benzylamino or N-alkyl-N- 
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cyciohexyiamino group in which the alky I part is Ci -C4; _ — ' 
R 2 represents a naphthyl group; 

R3 represents a thienyl, isoxazolyl, thiazotyl. imidazolyl or isopropyl group; 

R* represents a propyl, butyl, isobutyl, sec-butyl, pentyl, isopentyl. 2-methylbutyl, h xyl.' isohexyl or 2- 
5 methylpentyl group, a Ci -C3 alky! group having a morphplino or 2-oxopyrroiidinyl substituent or a 1- 
morpholinomethyl-2-methyIbutyl group; and 

A represents a group of formula -NH-or -(CHz) n -, in which n represents 1 or 2. 

28. Compounds according to Claim 1, wherein: 
R 1 represents a 4-pheny 1-1 -piperazinyl, N-memyl-N-benzylamino, morpholino. N-methyl-N-cyclohex- 

10 ylaminomethyl. N-methyl-N-benzylaminomethyl. N-isopropyt-N-benzylaminomethyl, benzylaminomethyl, 4- 
phenyl-1-piperazinylmethyl t diethylaminomethyl, N-methyl-N-butyiaminomethyl, N-methyl-N- 
phenylaminomethyl, morpholinomethyl, 3-morpholinopropyl, 4-{4-fluorophenyl)-1 -pi pera2inyi methyl, 4-(4- 
chlorophenyl)-1-piperazinylmethyl, 4-(4-methoxyphenylH-piperaziny!methyl. . N-methyl-N- 

phenethylaminomethyl, diisobutylaminomethyi or 4-(4-chlorobenzhydryl)-1-pipera2inylmethyl group; 

15 R 2 represents a naphthyl group; 

R3 represents a thienyl. isoxazolyl, thiazolyl. imidazolyl or isopropyl group; 

R* represents a 2-morpholinoethyl, propyl, butyl, isobutyl, pentyl. isopentyl, 2-methylbutyl, hexyl. 3-(2-oxo-1- 
pyrrolidinyl)propyl or 1-morphoiinomethyl-2-methyIbutyl group; and 
A represents a group of formula -NH-or -(CH2)„- t in which n represents 1 or 2. 
20 29. N-{N-[3-Morphoiinocarbonyl-2-(1-naphthylmethyl)propionyl]-3-(4-thiazolyi)-alanyl}- cyclostatin-{2- 
morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

30. N-{N-[{2R)-3-MorpholinocajlDonyl-2-(1-naph^ 
alanyl}-cyclostatin-{2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

31. N-{N-[(2Fp-3-MorphoIinocarbonyl-2-(1-naphthylme^ 

25 (2-morphoIinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

32. N-{N-[3-(N-BenzyI-N-methylcarbamoyi)-2-(1-naphthylmethyl)propionyl]-3-(4-thiazolyl)- 
alanyl}-cyclostatin-(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

33. N-{N-[(2R)-3-(N-Benzyl-N-meth^^ 
alanyl}-cyclostatin-(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

30 34. N-{W-[3-(N-Benzyl-N-methylcarbam 

aIanyl}«cyclostatin-(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

35. N-{N-{(2fp-3-(N-Benzyl-N-methylcato 
alanyl}-cyclostatin-(2-morpho!inoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

36. N-{N-{3-Moipholinocarbonyl-2-(1-na^^ 

35 methylbutyf)amide and pharmaceuticaliy acceptable salts thereof. 

37. N-{N-[(2Fp-3-Moipholinoc^bonyl-2^1-naph^ 
[{S)-2-methylbutyIJamide and pharmaceuticaliy acceptable salts thereof. 

38. N-{N-[N-(N-CycIohexyl-N-methyl^ 
alanyl}-cyc!ostatin-(2-morphoIinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

40 39. N-{N-{N-(N-Cydohexyl-N-meth^^ 

alanyl}-cyclostatin-(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

40. N-{N-[N-(N-MethylaiiillnoacetyI)-3-(1-naphthyl)-aIanyl]-3-(4-th 
pholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

41. N-{N-[N-(N-Methyianiiinoacetyl)-^ 

45 pholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

42. N-{N-[N-(N-Cyclohexyl-N-methyl^ 
pyrrolidinyl)propyl]amide and pharmaceuticaliy acceptable salts thereof. 

43 - ^-{N-[N-<N-CyclohexyhN-methy^ 
oxo-1 -pyrrolidinyl)propyl]amide and pharmaceuticaliy acceptable salts thereof. 
so 44. N-{N-[N-<N-Benzyl-;N-methylamta 

[3-(2-oxo-1-pyrroIidinyI)propyl]amide and pharmaceuticaliy acceptable salts thereof. 

45. N-{N-{N-(N-Benzyl-N-methyiam 
(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

* 46. N-[N-{N-[4-(4-Chlorobenzhydryi)-l -piperaziny lacety l]-3-<1 -naphthy l)-al.anyl}-3-(4-thiazoIyI)-alanyl]- 
55 cyclostatin-(2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 

47. N-[N-{N-[4-(4-Chlorobenzhydryl)-l -piperazinylacetyl]-3-{1 -naphthy l)-L-aIanyl}-3-(4-thiazblyI)-L- 
alanyl]-cyclostatin-{2-morpholinoethyl)amide and pharmaceuticaliy acceptable salts thereof. 
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48. N-[N-[N-(N-Benzyl-N-isopropylam^ 
(2-morpholinoethyl)amide and pharmaceutical^ acceptable salts thereof. 

49. N-{N-[N-(N-Benzyl-N-isopropylaminoace^ 
alanyl}-cyclostatin-(2-morpholinoethyl)amide and pharmaceutical^ acceptable salts thereof. 

50. . N-{N-[N-(N-Cyclohexyl-^ 
alanyl}-cyclostatin-[3-(2-oxo-1-pyrrolidinyl)propyl]amide and pharmaceutically acceptable salts thereof. 

51. N-{N-[N-<N-Benzyl-N-methylaminoace^ 
[3-(2-oxo-1-pyrrolidinyl)propyl]amide and pharmaceutically acceptable salts thereof. 

52. N-{N^N-Morpholinoacetyl-3-<1-naphthyl)-^ 
amide and pharmaceutically acceptable salts thereof. 

53. N-{N-[N-Morpholinoacetyl-3-(l^aphthyl^ 
amide and pharmaceutically acceptable salts thereof. 

54. N-{N-[N-Morpholinoacetyl-3-(1-naphthyO 

methylbutyl]amide and pharmaceutically acceptable salts Thereof. " " 

55. N-{N-[N-Morpholinoacetyl-3-(1 -naphthyl)-alanylJ-3-{4-thia20lyl)-alanyl}-cyclostatin-isobutylamide and 
pharmaceutically acceptable salts thereof. 

56. N-{N-[N-Morpholinoacetyl-3-(1 -naphthyl)-alanyl]-3-{4-thiazolyl)-alanyl}-cyclostatin-propylamtde and 
pharmaceutically acceptable salts thereof. 

57. N-{N-[N-Morpholinoacetyl-3-(1-naphthylM and 
pharmaceutically acceptable salts thereof. 

58. N-{N-[N-Morpholinoacetyl-3-(1 -naphthyl)-alanyi]-3-{4-thiazolyI)-alanyl}-cyclostatin-penty lamide and 
pharmaceutically acceptable salts thereof. 

59. N-{N-[N-Morpholinoacetyl-3-(1-naphthy^^^ 
and pharmaceutically acceptable salts thereof. 

60. N-{N-[N-Morpholinoacetyl-3-(1-na and 
pharmaceutically acceptable salts thereof. 

61. N-{N-[N-Morpholinoacetyl-3-(l-napm 
and pharmaceutically acceptable salts thereof. 

62. N^N-(N-Morpholinoacetyl-phenylalanyl^leucylKyclostatin-(2-methylbutyl)amide and pharmaceuti- 
cally acceptable salts thereof. 

63. N-[N^N-Morpholinoacetyl-L-pheny^ and phar- 
maceutically acceptable salts thereof. ~" 

64. N-[N-(N-Morpholinoacetyl-phe and 
pharmaceutically acceptable salts thereof. 

65. N-[N-<N-Morpholinoacetyl-phenylalanyl)^ and pharma- 
ceutically acceptable salts therof. 

66. N-[N-(N-Moiphorinoacetyl-^ and phar- 
maceutically acceptable salts thereof. 

67. N-[N-(N-Morpholinoacetyl-phenylalanyI)^ and pharma- 
ceutically acceptable salts thereof. 

68. N-[N-(N-Morpholinoacetyl-L-ph^ and phar- 
maceutically acceptable salts thereof. 

69. A composition for the treatment of angiotensin-induced hypertension in a mammal, which comprises 
an antihypertensive agent in admixture with a pharmaceutically acceptable carrier or diluent, wherein said 
antihypertensive agent is at least one compound according to any one of the preceding Claims. 

70. A process for preparing a compound according to any one of Claims 1 to 68. which process 
comprises reacting together two compounds, one having a terminal carboxy group or reactive derivative 
thereof and the other having a terminal amino group or reactive derivative thereof, under peptide synthesis 
conditions, said two compounds corresponding to the fragments derivable by cleavage of any one of the 
peptide bonds marked a, 0 and 7 in the following formula (I) and, where A is a group -NH-, between that 
group and the adjacent carboxy group: 
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10 



15 



20 



/ \ 

• ♦ 

• • 

\ / 

R 2 R 3 • (I) 

CH 2 CH 2 : CH 2 R 

III / 
R l_C.A-CH-Ca-NH-CH-C-p-NH-CH-CH-CH2«C-T-N 
11 II II | II \ 

O 0 0 * OH O R 5 

(in which R 1 -R 5 and A are as defined in Claim 1) or a compound of formula (I) in which a reactive group or 
groups has or have been protected, and. if necessary, deprotecting andor salifying the resulting compound. 

71. A process according to Claim 70. which comprises: 
reacting together compounds of formulae: 



25 



30 



35 



40 



45 



50 



55 
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I 

CH 2 

I (IV) 
R 1 -C-A-CH-C-OH 
11 II 
O O 



10 

or a reactive derivative thereof. 



15 R J 

I 

CH 2 

I (V) 
NH 2 -CH-C-OH 
20 11 

0 

or a reactive derivative thereof , 

25 



/ \ 



30 



35 



40 



I I 

• • 

\ / 

(VI) 

I 

CH 2 

NH 2 -CH-CH-CH 2 -C-OH 

I ' » 
OH O 

or a reactive derivative thereof, and 

« R 4 

/ 

H-N (VII) 
\ 

R5 

50 or a reactive derivative thereof (in the above formulae R 2 -R 5 and A are as defined in Claim 1 and 
Represents any of the groups represented by R\ as defined in Claim 1, or an active group), and. where 
R 1 represents said active group, converting it to any one of the groups represented by R 1 ; 
or reacting a peptide compound derivable by reaction of some of said compounds of formulae (IV), (V), (VI) 
or (VII) or said reactive derivatives with- the remainder of said compounds or said reactive derivative(s) or 
with a peptid compound or compounds derivable by reaction of said remainder or reactive derivative(s) 
thereof, the reaction(s) being in an order corresponding to the order of the residues derived from said 
compounds of formula (IV). (V). (VI) and (VII) in said compound of formula (I). 
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72. A process according to Claim 71, in which A represents a group of formula -NH-and the compound 
of formula (IV) is replaced by the two compounds of formulae (IVa) and (IVb); 



Rl-C-OH 

II 
o 



(IVa) 



70 



and 



75 



20 



R2 

I 

CH 2 

I 

H 2 N-CH-C-0H 
2 II 
0 



(IVb) 



(in which R 1 and R 2 are as defined in Claim 1). 
2S Claims for the following Contracting States : ES; GR 

1. A process for preparing compounds of formula (I): 



30 



35 



40 



R2 
I 

CH 2 
I 



R3 
I 

CH 2 



\ / 



CH 2 
I 



Rl-C-A-CH-C-NH-CH-C-NH-CH-CH-CH 2 -C-N 

II II II I II \ 

0 0 O OH O R 5 



(I) 



[wherein: 

45 R 1 represents a Ci -C6 alkyl group, a Ci -C6 alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 



R6 



50 



-N 



(ID 



R7 



55 in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ce alkyl 

group, an aryl group, an aralkyl group or a C3 -Cs cycloalkyl group 

or a nitrogen-containing het rocyclic group having from 5 to 8 ring atoms or. when A repres nts a group of 
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formula -(CH2) n -. a group of formula (II), as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least on substituent selected 
from substituents (a), defined below, a naphthyl group or a naphthyl group having at least one substituent 
selected from substituents (a), defined below; 

R3 represents an aromatic heterocyclic group having from 5 to 14 ring atoms, a ph nyl group, a phenyl 
group having at least one substituent selected from substituents (a), defined below, or a Ct -Ce alkyl group; 
R 4 represents a Ci -Cs alkyl group or a Ct -Cs alkyl group having at least one substituent selected from 
hydroxy groups, heterocyclic groups having from 5 to 14 ring atoms and groups of formula (IN): 

R8 

/ 

-N (III) 
\ 

R9 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C< -Ce alkyl 
group; 

20 R 5 represents a hydrogen atom or a Ci -C« alkyl group; 

A represents a group of formula -NH-or -<CH2) n -, in which n represents an integer of from 1 to 3; 
said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 5 ring hetero-atoms 
selected from nitrogen, oxygen and sulphur hetero-atoms and being unsubstituted or having at least one 
substituent selected from substituents (a) and substituents (b); 

25 



10 



T5 



substituents {a}: Ci -C6 alkyl groups, Ci -C* alkoxy groups. Ci -C7 aliphatic carboxylic acyl groups, Ct - 
30 Ct aliphatic carboxylic acyioxy groups, aromatic carboxylic acyl groups, aromatic carboxylic acyloxy groups, 
Ci -C; aliphatic carboxylic acyiamino groups, aromatic carboxylic acylamino groups, heterocyciic-carbonyi 
groups, provided that any such heterocyciic-carbonyi substituent is not itself substituted by a substituted 
heterocyclic or heterocyciic-carbonyi group, arylalkenoyl groups in which the alkenoyl part is C3 -C/, 
trifluoromethyl groups, halogen atoms, nitro groups, cyano groups, amino groups. Ci -C* alkylamino groups. 
35 dialkylamino groups in which each alkyl part is Ct -C*, alkylcarbamoyl groups in which the alkyl part is Ci - 
C*. dialky (carbamoyl groups in which each alkyl part is Ct -C*. alkoxycarbonyloxy groups in which the 
alkoxy part is Ct -C*, heterocyclic groups, provided that any such heterocyclic substituent is not itself 
substituted by a substituted heterocyclic or heterocyciic-carbonyi group, carboxy groups and esters and 
amides of said carboxy groups, the aromatic parts of said aromatic acyl, acyloxy and acylamino groups 
40 being Ce -Cto carbocyciic aryl groups which are unsubstituted or have at least one substituent selected from 
Ct -C< alkyl groups. Ci -C* alkoxy groups and halogen atoms; 



45 substituents (b[: aryl groups and oxygen atoms: 

said aryl groups and the aryl parts of said aralkyi groups are -Cu carbocyciic aryl groups which are 
unsubstituted or have at least one substituent selected from substituents (a), defined above, provided that, 
where said substituent (a) is a group containing an aryl group, this is not itself substituted by another group 
50 containing a substituted aryl group; and 

the alkyl parts of said aralkyi groups have from 1 to 4 carbon atoms]; 
and pharmaceutically acceptable salts thereof, which process comprises: 

reacting together two compounds, one having a terminal carboxy group, or reactive derivative thereof and 
the other having a terminal amino group or reactive derivative thereof, under peptide synthesis conditions, 
55 said two compounds corresponding to the fragments derivable by cleavage of any one of the peptide bonds 
marked a, & and 7 in the following formula (I) and, where A is a group -NH-, between that group and th 
adjacent carboxy group: 
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/ \ 



\ / 



.R 2 



(I) 



R 1 -C-A-CH-C-a-NH-CH- 
It II 

O O < 



CH 2 . CH 2 




(in which R 1 -R 5 and A are as defined above) or a compound of formula (I) in which a reactive group 
groups has or have been protected: and 

if necessary, deprotecting and/or salifying the resulting compound. 

2. A process according to Claim 1 , in which: 
there are reacted together compounds of formulae: 
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R2 

I 

CH 2 

., I • (IV) 

Rl -c-a-ch-c-oh 
II II 

0 0 



TO 

or a reactive derivative thereof. 



R3 
I 

CH 2 

I (V) 
NH7-CH-C-OH 

2 II 

o 

or a reactive derivative thereof, 

25 



/ S 

30 • • 

I I 
• • 

\ / 

• (VI) 

* I 

CH 2 

NH 2 -CH-CH-CH 2 -C-OH 
I II 

40 . OH 0 

or a reactive derivative thereof, and 

R4 



45 



50 



55 



/ 

H-N (VII) 
\ 

R5 

or a reactive derivative thereof (in the above formulae R 2 -R 5 and A are as defined in Claim 1 and 
Represents any of the groups represented by R\ as defined in Ctairo_t, or an active group), and 
where R 1 represents sad active group, it is converted to any one of the groups represented by R 1 ; 

3. A process according to Claim' 2, in which there are reacted a peptide compound derivable by 
reaction of some of said compounds of formula (IV), (V), (VI) or (VII), as defin d in Claim 2. or said 
reactive .derivatives with the remainder of said compounds or said reactive derivative(s) or with a p ptide 
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compound or compounds derivable by reaction of said remainder or reactive derivative(s) thereof, the 
reaction(s) being in an order corresponding to the order of the residues derived from said compounds of 
formulae (IV). (V). (VI) and (VII) in said compound of formula (I). 

4. A process according to Claim 2 or Claim 3, in which A represents a group of formula -NH-and the 
s compound of formula (IV) is replaced by the two compounds of formulae (IVa) and (IVb): 
Ft 1 - C -OH (fVa) 
O 

and 



70 



R2 

I 

CH 2 
I 

H 2 N-CH-C-OH 
II 
O 



(IVb) 



(in which R 1 and R 2 are as defined in Claim 1). 

5. A process according to any one of Claims 1 to 4. wherein: 
R' represents a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II): 



25 R 6 

/ 

-N (II) 
\ 

R 7 

30 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom or a Ci -C* alkyl 
group; 

R 2 represents a cyclohexyl group, a phenyl group or a naphthyl group; 
35 R 3 represents an imidazoiyl group, a thiazolyl group or an isoxazolyl group; 

R A represents a Ct -C* alkyl group having at least one substituent which is a heterocyclic group having 5 or 
6 ring atoms or a group of formula (III): 



40 R 8 

/ 

-N (III) 
\ 

R 9 

45 

in which R s and R 9 are the same or different and each represents a hydrogen atom or a Ci -C* alkyl 
group; 

R 3 represents a hydrogen atom; and 
50 A represents a group of formula -CHr; 

said heterocyclic groups and nitrogen-containing heterocyclic groups having from 1 to 3 ring hetero-atoms 

selected from nitrogen, oxygen and sulphur hetero-atoms. 

6. A process according to any one of Claims 1 to 4, wherein: 

R 1 represents a Ct -Ce alkyl group having at least one substituent selected from pyridyl groups, non- 
55 aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 
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20 



25 



35 



40 



R 6 

/ 

-N (II) 
\ 

R7 . 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ct -C6 alkyl 
group, a phenyl group, an aralkyl group or a C3 -Ce cycloalkyl group; 

R 2 represents a phenyl group or a naphthyl group; "~ 

R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms; 

R 4 represents a C1 -Cs alkyl group having at least one substituent which is a hydroxy group, a pyridyl group, 
a non-aromatic heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 

R 8 

/ 

-N (III) 
\ 

R 9 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a d -Cc alkyl 
group; 



R 5 represents a hydrogen atom; 

A represents a group offormula -NH-; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 
30 7. A process according to any one of Claims 1 to 4, wherein: 

R 1 represents a Ci -Ce alkyl group, a Ci -C2 alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



R6 

/ 

-N (II) 
\ 

R? 

in which R 8 and R 7 are the same or different and each represents a hydrogen atom, a O -Ce alky! 
group, an aralkyl group or a C3 -C7 cycloalkyl group, 

a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or a group of formula (II), as defined 
45 above; 

R 2 represents a phenyl group, a phenyl group having at least one substituent selected from substituents (a), 
defined in Claim 1. a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined in Claim 1 ; 

R 3 represents an aromatic heterocyclic group having from 5 to 10 ring atoms, a phenyl group, a phenyl 
50 group having at least one substituent selected from substituents (a), defined in. Claim 1 , or a -Cs alkyl 
group; 

R 4 represents a Ci -C6 alkyl group or a Ci -Ce alkyl group having at least one substituent which is a hydroxy 
group, a pyridyl group, an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or 
a group of formula (III): 

55 



183 



0 274 259 



20 



25 



30 



35 



45 



R8 . 

/ 

-N (III) 
\ 

in which R a and R 9 are the same or different and each represents a hydrogen atom or a & -Ce alkyl 
group; 



R 5 represents a hydrogen atom; 

A represents a group of formula -{CH 2 ) fl -, in which n represents an integer of from 1 to 3; 
said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 
is 8. A process according to any one of Claims 1 to 4, wherein: 

R 1 represents a Ci -Ce alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



50 



R6 

/ 

-N (II) 
\ 

R 7 

in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a C« -Ce alkyl 
group, a phenyl group, an aralkyl group or a C3 -C7 cycloalkyl group. 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms; 

R 2 represents a phenyl group, a phenyl group having at least one substituent selected from substituents (a), 
defined in Claim 1, a naphthyl group or a naphthyl group having at least one substituent selected from 
substituents (a), defined in Claim 1 ; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined in Claim 1 , or a d -Ce alkyl group; 
R 4 represents a C1 -Ce alkyl group having at least one substituent which is a hydroxy group, a pyridyl group, 
an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 



R* 

/ 

40 -N (III) 

\ 



in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C1 -Ce alkyl 
group; 

R 5 represents a hydrogen atom; 

A represents a group of formula -NH-; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 

9. A process according to any one of Claims 1 to 4. wherein: 
R 1 represents a Ci -Ce alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



55 
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/ 



5 




(II) 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -C* alkyl 
group, a phenyl group, an aralkyi group or a C3 -C; cycioalkyl group, 

10 

or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms;. . ~ 
R 2 represents a cyclohexyl group; 

R 3 represents an aromatic heterocyclic group having 5 o r 6 ring atoms, a phenyl group, a phenyl group 
having at least one substituent selected from substituents (a), defined in Claim 1 . or a Ci -Ct alkyl group; 
15 R* represents a O -Cs alkyl group or a Ct -C6 alkyl group having at least one substituent which is a hydroxy 
group, a pyridyl group, an imidazolyl group, a non-aromatic heterocyclic group having 5 or 6 ring atoms or 
a group of formula (III): 



20 




(III) 



25 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C< -Ce alkyl 
group; 

R 5 represents a hydrogen atom; 
A represents a group of formula -NH-; 
30 said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms. 

10. A process according to any one of Claims 1 to 4, wherein: 
R 1 represents a Ct -Ce alkyl group having at least one substituent selected from non-aromatic nitrogen- . 
containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

35 

R6 

/ 

-N (II) 
\ 

R 7 



in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -Ce alkyl 
group, a phenyl group, an aralkyi group or a C3 -C7 cycioalkyl group, 

45 

a pyridyl group or a non-aromatic nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or, 

when A represents a group of formula -(CH2) n -. a group of formula (II). as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 

from substituents (a), defined in Claim 1, a naphthyl group or a naphthyl group having at least one 
50 substituent selected from substituents (a), defined in Claim 1 ; 

R3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, a phenyl group, a phenyl group 

having at least one substituent selected from substituents (a), defined in Claim 1 , or a Ci -C6 alkyl group; 

R* represents a Ci -Ca alkyl group; 

R 5 represents a hydrogen atom or a Ci -Ca alkyl group; 
55 A represents a group of formula -NH-; 

said aromatic h terocyciic groups and nitrog n-containing heterocycli£~groups having from 1 to 3 ring 

het ro-atoms selected from nitrogen, oxyg n and sulphur hetero-atoms. 
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11. A process according to any one of Claims 1 to 4. wherein: 
R 1 r presents a Ca -Ce alkyl group, a Ci -C< alky) group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having from 5 to 8 ring atoms and groups of formula (II): 

R6 

/ 

-N (II) 
. \ 

R7 

\ in which R 6 and R 7 are the same or different and each represents a hydrogen atom, a Ci -C d alkyl 
group, a phenyl group, an aralkyl group or a Cs -C? cycloalkyl group. 

is or a nitrogen-containing heterocyclic group having from 5 to 8 ring atoms or. when A represents a group of 
formula -(CH2) n -. a group of formula (II). as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, a phenyl group having at least one substituent selected 
from substituents (a*), defined below, a naphthyl group or a naphthyi group having at least one substituent 
selected from substituents (a'), defined below; 
20 R 3 represents an aromatic heterocyclic group having from 5 to 10 ring atoms, a phenyl group, a phenyl 
group having at least one substituent selected from substituents (a'), defined below, or a Ci -C4 alkyl group; 
R* represents a Ci -Ca alkylgroup or a Ci -Cs alkyl group having at least one substituent which is a hydroxy 
group, a heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 

*8 

/ 

-W (III) 
\ 

R9 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom or a C< -C* alkyl 
group; 

3 5 R 5 represents a hydrogen atom or a Ci -C6 alkyl group; 

A represents a group of formula -NH-or -<CH2> n -, in which n represents an integer of from f to 3; 
said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a*), defined below, and 

4 0 substituents (b), defined in Claim 1; 



30 



substituents (a*) : Ci -C* alkyl groups, Ci -C4 alkoxy groups, trifluoromethyi groups, halogen atoms, nitro 
45 groups, cyano groups, amino groups, Ci -C* alkylamino groups, dialkylamino groups in which each alkyl 
part is Ci -C*. alkylcarbamoyl groups in which the alkyl part is Ci -C<, dialkylcarbamoyl groups in which 
each alkyl part Is Ci -C*, alkoxycarbonyloxy groups in which the alkoxy part is Ci -Ca. heterocyclic groups, 
provided that any such heterocyclic substituent is nor itself substituted by a substituted heterocyclic or 
heterocyciic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 

50 

said aryl groups and the aryl parts of said aralkyl groups are (k -do carbocyclic aryl groups which are 
unsubstituted or have at least one substituent selected from substituents (a 4 ), defined above; and 
the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms. 
12. A process according to any one of Claims 1 to 4, wherein: 
55 R 1 represents a C3 or C* alkyl group, a Ci -Ca alkyl group having at least one substituent selected from 
nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 
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10 



20 



25 



R6 

/ 

-N (II) 
V 

in which R 6 and R 7 are the same or different and each represents a hydrogen_atom. a Ci -C* alkyl 
group, a phenyl group, an unsubstituted aralkyl group or a C5 or Ce cycioalkyl group. 



or a nitrogen-containing heterocyclic group having 5 or 6 ring atoms or, when A represents a group of 

formula -{CH2) n -, a group of formula (II). as defined above; 

R 2 represents a cyclohexyl group, a phenyl group, or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 
75 group having at least one substituent selected from substituents (a*), defined below, or a C3 alkyl group; 
R* represents a Ct -C6 alkyl group or a Ct -Ce alkyl group having at least one substituent which is a hydroxy 
group, a heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 



R8 

/ 

-N (III) 
\ 

R* 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom, a methyl group or 
an ethyl group; 

R 5 represents a hydrogen atom; 
30 A represents a group of formula -NH-or -(CHz),,-. in which n represents an integer of from 1 to 3; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a*), defined below, and 
substituents (b), defined in Claim 1; 

35 



substituents (a*) : Ci -C* alkyl groups. C1 -C2 alkoxy groups, trifluoromethyl groups, halogen atoms, nitro 
groups, cyano groups, amino groups, Ci -C< alkylamino groups, dialkylamino groups in which each alkyl 
40 part is Ct -C2, alkylcarbamoyl groups in which the alkyl part is Ct -C*. dialkylcarbamoyl groups in which 
each alkyl part is Ci -C* alkoxycarbonyloxy groups in which the alkoxy part is Ct -C*, heterocyclic groups, 
provided that any such heterocyclic substituent is not itself substituted by a substituted heterocyclic or 
heterocyclic-carbonyl group, carboxy groups and esters and amides of said carboxy groups; 

45 the aryl parts of said aralkyl groups are phenyl groups which are unsubstituted or have at least one 
substituent selected from substituents (a*), defined above; and 
the alkyl parts of said aralkyl groups have from 1 to 3 carbon atoms. 

13. A process according to any one of the preceding Claims, wherein n is 1 . 

14. A process according to any one of Claims 1 to 4, wherein: 

so R 1 represents a branched chain C3 or C* alkyl group, a Ci -C4 alkyl group having at least one substituent 
selected from nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

R6 

/ 

55 -N (II) 

\ 

R7 
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in which R 6 and R 7 are th same or diff rent and ach represents a hydrogen atom, a C- -C* alkyl 
group, a phenyl group, an unsubstituted- aralkyl group or a C5 or C<s cycloalkyl group, 

or a nitrogen-containing het rocyclic group having 5 or 6 ring atoms and combined through its nitrogen 
5 atom or a group of formula. (II), as defined above; . 

R2 represents a cyclohexyl group, a phenyl group, or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group or a C 3 alky! 
group; 

R 4 represents a C1 -Cs aJkyl group or a C1 -Ce alkyl group having at least one substituent which is a hydroxy 
70 group, a heterocyclic group having 5 or 6 ring atoms or a group of formula (III): 

R 8 

/ 

-N (III) $ 

\ 

T 

in which R 8 and R 9 are the same or different and each represents a hydrogen atom, a methyl group or 
20 an ethyl group; 



R 5 represents a hydrogen atom; 

A represents a group of formula -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
2s from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a*), defined in Claim 12. and 
substituents (b), defined in Claim 1 ; 

the aryl parts of said aralkyl groups are phenyl groups which are unsubstituted or have at least one 
substituent selected from substituents (a*), defined in Claim 12; and 
zo the alkyl parts of said aralkyl groups have from 1- to 3 carbon atoms; 
and pharmaceutical acceptable salts thereof. 

1 5. A process according to any one of Claims 1 to 4 ( wherein: 
R 1 represents a Ci -C* alkyl group having at least one substituent selected from pyridyl groups, non- 
aromatic nitrogen-containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 

35 

/ 

-N (II) 
\ 

R 7 



in which R 6 and R 7 are the same or different and each represents a Ci -Ci alkyl group, a phenyl group, 
an unsubstituted aralkyl group or a C5 or Ce cycloalkyl group. 

45 

or a pyridyl group, a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or. when 

A represents a group of formula -CHri a group of formula (1 1), as defined above: £ 

R2 represents a cyclohexyl group, a phenyl group or a naphthyl group; 

R3 represents an aromatic heterocyclic group having from 5 to 9 ring atoms, a phenyl group, a phenyl 
so group having at least one substituent selected from substituents (a*), defined in Claim 12, or a C3 alkyl £ 
group; 

R 4 represents a C3 or C* alkyl group or a Ct -C6 alkyl group having at least one substituent which is a 
heterocyclic group having 5 or 6 ring atoms or a dialkyiamino group, in which each alkyl part is Ci -C*: 
R 5 represents a hydrogen atom; 
55 A represents a group of formula -NH-or -CHr; 

said heterocyclic, groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a"), d fined in Claim 12. and 
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substituents (b). defined in Claim 1 ; 
the aryl parts of said araikyl groups are phenyl groups; and 
the alkyl parts of said araikyl groups have from 1 to 3 carbon atoms. 
16. A process according to any one of Claims 1 to 4, wherein: 
5 R* repres nts a C -C< alkyl group having at least one substituent selected from non-aromatic nitrogen- 
containing heterocyclic groups having 5 or 6 ring atoms and groups of formula (II): 



-N (II) 
\ 

0 

75 in which R 6 and R 7 are the same or different and each represents a & -C* alkyl group, a phenyl group. 
T an unsubstituted araikyl group or a cyclohexyl group, 

or a non-aromatic nitrogen-containing heterocyclic group having 5 or 6 ring atoms, or. when A represents a 
group of formula -CHr. a group of formula (II), as defined above; 
20 R 2 represents a phenyl group or a naphthyl group; 

R 3 represents an aromatic heterocyclic group having 5 or 6 ring atoms, ah indolyl group, a phenyl group or 
a C3 or C* alkyl group; 

R* represents a C3 or Ci alkyl group or a Ci -C6 alkyl group having at least one substituent which is a 
heterocyclic group having 5 or 6 ring atoms or a dialkylamino group, in which each alkyl part is C» -C<; 
25 R 5 represents a hydrogen atom; 

A represents a group of formula -NH-or -CHr; 

said heterocyclic groups, aromatic heterocyclic groups and nitrogen-containing heterocyclic groups having 
from 1 to 3 ring hetero-atoms selected from nitrogen, oxygen and sulphur hetero-atoms and being 
unsubstituted or having at least one substituent selected from substituents (a'), defined in Claim 12. and 
30 substituents (b), defined in Claim 1; 

the aryl parts of said araikyl groups are phenyl groups; and 
the alkyl parts of said araikyl groups have 1 or 2 carbon atoms. 

17. A process according to any one of Claims 1 to 4. wherein R 1 represents a t-butyl group, a Ci -C3 
alkyl group having a single substituent selected from: 



35 



groups of formula (II), as defined in Claim 1 in which R 6 represents a Ci -O alkyl group and R 7 represents a 
Ci -Ci alkyl group, a benzyl group or a cyclohexyl group, and heterocyclic groups having 5 or 6 ring atoms, 
of which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from nitrogen, oxygen 
and sulphur hetero-atoms, 



40 



a group of formula (II), defined in Claim 1 in which R 6 represents a Ci -C* alkyl group and R 7 represents a 
Ci -C* alkyl group, a benzyl group or a cyclohexyl group, or a heterocyclic group having 5 or 6 ring atoms, 
of which at least one is a nitrogen atom and from 0 to 2 are hetero-atoms selected from nitrogen, oxygen 
and sulphur hetero-atoms. 

45 18. A process according to any one of Claims 1 to 4, wherein R- represents a Ci -C3 alkyl group having 
a single substituent selected from: 

morpholino, thiomorpholino, piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ci -Cs alkyl groups, C2 -C* alkoxycarbonyl groups, benzyl groups, 
50 phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups: dialkylamino 
groups in which each alkyl part is Ci -C*; benzylamino groups; and N-alkyl-N-benzylamino. N-alkyl?N- 
phenethylamino and N-alkyl-NrCyclohexylamino groups in which the alkyl part is Ct -C*; 

55 a morpholino group; a thiomorpholino group; a piperidyl group; a pyrrolidinyl group; a piperazinyl group 
which has a single substituent selected from C« -C3 alkyl groups, Cj -C* alkoxycarbonyl groups, phenyl 
groups, pyridyl groups and phenyl groups having at least one substituent selected from halogen atoms. Ci - 
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C: alkoxy groups and trifluoromethyl groups: a dialkylamino group in which each alkyl part is C« -C*; or an 
N-alkyl-N-benzylamino, N-alkyhN-phen thylamino or N-alkyl-N-cycloh xylamino group in which th alkyl 
part is Ci -C<. 

19. A process according to any ne of Claims 1 to 4, wher in R 1 repr sents a O-C3 alkyl group having 
a singl substituent selected from the group consisting of: 

morpholino. thiomorphoiino, piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ct -C3 alkyl groups. Ci -C* alkoxycarbonyi groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups: benzylamino 
groups; dialkylamino groups in which each alkyl part is Ct -C<; and N-alkyl-N-benzylamino, N-alkyl-N- 
phenethylamino and N-alkyl-N-cydohexylamino groups in which the alkyl part is Ct -C4 

a morpholino group; a piperazinyl group which has a single substituent selected from C- -C3 alkyl groups, 
ethoxycarbonyl groups, phenyl groups and phenyl groups having at least one substituent selected from 
halogen atoms, C« -63 alkoxy groups and trifluoromethyl groups; or an N-alkyl-N-benzylamino or N-alkyl-N- 
cyclohexylamino group in which the alkyl part is C« 

20. A process according to any one of Claims 1 to 4, wherein R* represents a 4-phenyM -piperazinyl. 
N-methyl-N-benzylamino, morpholino. N-methyl-N-cyclohexylaminomethyl. N-methyl-N-benzylaminomethyl, 
N-isopropyl-N-benzylaminomethyl, benzylaminomethyl, 4-phenyM-piperazinylmethyl. diethylaminomethyl, 
N-methyl-N-butylaminomethyl. N-methyl-N-phenyiaminomethyl, morpholinomethyl, 3-morpholinopropyl. 4- 
(4-fluorophenyl)-1-piperazinylmethyl. 4-(4-chlorophenyl)-i-piperazinylmethyl, 4-(4-methoxyphenyl)-l- 
piperazinylmethyl, N-methyl-N-phenethylaminomethyl, diisobutylaminomethyl or 4-(4-chIorobenzhydryl)-l- 
piperazinylmethyl group. 

21. A process according to any one of Claims 1 to 4 and 17 to 20. wherein R 2 represents a phenyl or 
naphthyl group. 

22. A process according to any one of Claims 1 to 4 and 17 to 20. wherein R 2 represents a naphthyl 
group. 

23. A process according to any one of Claims 1 to 4 and 17 to 22, wherein R3 represents a thienyl, 
isoxazolyl. thiazolyl, imidazolyl. pyridyl, indolyl, phenyl or isopropyl group. 

24. A process according to any one of Claims 1 to 4 and 17 to 22. wherein R3 represents a thienyl, 
isoxazolyl, thiazolyl, imidazolyl or isopropyl group. 

25. A process according to any one of Claims 1 to 4 and 17 to 24, wherein R 4 represents a C 3 -Ce alkyl 
group or a Ct -C* alkyl group having a single substituent which is a heterocyclic group having 5 or 6 ring 
atoms. 

26. A process according to any one of Claims 1 to 4 and 17 to 24, wherein R 4 represents a propyl, 
butyl, isobutyl, sec-butyl, pentyl, isopentyl, 2-methylbutyl. hexyl, isohexyl or 2-methyIpentyI group, a Ci -C 3 
alkyl group having a morpholino or 2-oxopyrrolidinyi substituent or a 1-morphoIinomethyl-2-methylbutyl 
group. 

27. A process according to any one of Claims 1. to 4 and 17 to 24, wherein R 4 represents a 2- 
morpholinoethyl. propyl, butyl, isobutyl, pentyl, isopentyl, 2-methylbutyl, hexyl. 3-(2-oxo-1-pyrroIidinyl)propyl 
or 1-morpholinomethyl-2-methylbutyl group. 

28. A process according to any one of Claims 1 to 4 and 17 to 27, wherein A represents a group of 
formula -NH-or -(CHdn-. in which n represents 1 or 2. 

29. A process according to any one of Claims 1 to 4, wherein: 

R 1 represents a Ci -C3 alkyl group having a single substituent selected from the group consisting of: 

morpholino, thiomorphoiino, piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ct -C3 alkyi groups, C2 -C< alkoxycarbonyi groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl -groups having at least one 
substituent selected from halogen atoms, Ct -C3 alkoxy groups and trifluoromethyl groups; dialkylamino 
groups in which each alkyl part is Ct -C*; benzylamino groups; and N-alkyl-N-benzylamino, N-alkyl-N- 
phenethylamino and N-alkyl-N-cycIohexylamino groups in which the alkyl part is Ci -C*; 

a morpholino group;* a thiomorphoiino group; a piperidyl group; a pyrrolidinyl group; a piperazinyl group 
which has a single substituent selected from Ci -C3 alkyl groups, C2 -C* alkoxycarbonyi groups,* phenyl 
groups, pyridyl groups and phenyl groups having at I ast one substituent s I ct d from halogen atoms, Ct - 
C3 alkoxy groups and trifluoromethyl groups; a dialkylamino group in which each alkyl part is C« -C*; or an 
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N-alkyl-N-benzylamino, N-alkyl-N-phenethylamino or N-alkyl-N-cyclohexylamino group in which th alkyl 
part is Ci -d; * 
R 2 represents a phenyl or naphthyl group; 

R3 represents a thienyl, isoxazolyl, thiazolyl, imidazolyl. pyridyl. indolyl, phenyl or isopropyl group: 

R 4 represents a C3 -Ce alkyl group or a Ci -C* alkyl group having a singl substituent which is a heterocyclic 

group having 5 or 6 ring atoms; and 

A r pr s nts a group of formula -NH-or -<CH2) n -. in which n repr sents 1 or 2. 

30. A process according to any one of Claims 1 to 4. wherein; 

R 1 represents a Ci -C3 alkyl group having a single substituent selected from the group consisting of: 

morpholino. thiomorpholino. piperidyl and pyrrolidinyl groups; piperazinyl groups which themselves 
have a single substituent selected from Ci -Cj alkyl groups. C2 -Ci alkoxycarbonyl groups, benzyl groups, 
phenyl groups, benzhydryl groups, pyridyl groups and phenyl and benzhydryl groups having at least one 
substituent selected from halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; benzylamino 
groups; dialkylamino groups in which each alkyl part is Ci -&; and N-alkyl-N-benzylamino. N-alkyl-N- 
phenethylamino and N-aikyl-N-cyclohexylamino groups in which the alkyl part is Ci -C4; 

a morpholino group; a piperazinyl group which has a single substituent selected from Ci -C3 alkyl groups, 
ethoxycarbonyl groups, phenyl groups and phenyl groups having at least one substituent selected from 
halogen atoms, Ci -C3 alkoxy groups and trifluoromethyl groups; or an N-alkyl-N-benzylamino or N-alkyl-N- 
cyclohexylamino group in which the alkyl part is Ci -C*; "~ 
R 2 represents a naphthyl group; 

R3 represents a thienyl. isoxazolyl. thiazolyl, imidazolyl or isopropyl group; 

R* represents a propyl, butyl, isobutyl, sec-butyl, pentyl, isopentyl. 2-methylbutyl. hexyl. isohexyl or 2- 
methylpentyl group, a Ci -C3 alkyl group having a morpholino or 2-oxopyrrolidinyl substituent or a 1- 
morpholinomethyl-2-methylbutyl group; and 

A represents a group of formula -NH-or *<CH2) n \ in which n represents 1 or 2. 

31 . A process according to any one of Claims 1 to 4, wherein: 

R 1 represents a '4-pheny 1-1 -piperazinyl, N-methyl-N-benzylamino. morpholino, N-methyl-N-cyclohex- 
ylaminomethyl. N-methyl-N-benzylaminomethyl, N-isopropyl-N-benzylaminomethyl. benzylaminomethyl, 4- 
phenyl-1 -piperaziny Imethyi, diethylaminomethyl, N-methy l-N-buty laminomethy I. N-methyl-N- 
phenylaminomethyl. morpholinomethyl, 3-morpholinopropyi. 4-(4-f luoropheny I)- 1 -piperaziny Imethyi. 4-(4- 
chlorophenyl)-1 -piperazinylmethyl, 4-{4-methoxyphenyl)-1 -piperazinylmethyl. N-methyl-N- 

phenethylaminomethyl, diisobutylaminomethyl or 4-(4-chlorobenzhydryl)-l -piperazinylmethyl group; 
R 2 represents a naphthyl group; 

R3 represents a thienyl, isoxazolyl, thiazolyl. imidazolyl or isopropyl group; 

R 4 represents a 2-morpholinoethyI, propyl, butyl, isobutyl. pentyl. isopentyl. 2-methylbutyl, hexyl. 3-(2-oxo-l- 

pyrrolidinyl)propyl or l-morpholinomethyl-2-methylbutyl group; and 

A represents a group of formula -NH-or -(CHh),,-. in which n represents 1 or 2. 

32. A process according to any one of Claims 1 to 4, in which the reagents and reaction conditions are 
so selected as to prepare: 

N-{N-(3-morpholino<^ul3onyl-2-<1-naphth^^ 

morpholinoethyljamide; 

N-{N-f3-<N-benzyl-N-methylcato 

morpholinoethyljamide; 

N-{N-[3-(N-c^nzyl-N-me% 

(2-morpholinoethyl)amide; ~~ 

N-{N-[3-morpholinorarbonyl-2-(1-naph^ 

methylbutyl)amide; 

N-{N-[N-<N-cyclohexyl-N^ 

morpholinoethyl)amide; 

N-{N-tN-(N-methylanilinoacetyl)-3-{1-naphthyl)-alanyl]-3-(4-th 
amide; 

N-{N-{N-(N-cycfohexyl-N-methyl^ 
pyrrolidinyl)propyl]amide; 

N-{N-[N-(N-benzyl-N-m thylaminoacetyl)-3-(1-naphthyl)-a!anyl]-3-(5-imidazolyl)-alanyl}-cyclostatin-[3-(2-oxo- 
1-pyrrolidinyl)propyl]amid ; 

N-{N-[N-(N-b nzyl-N-m thy laminoacetyl)-3-(l -naphthyl)-a!anyl]-3-(5-isoxazolyl)-alany l}-cyclostatin-(2- 
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morpholino thyl)amide; 

N-[N-{N-[4-(4-chloroben2hydry l)-1 -piperaziny lacetyl]-3-(l -naphthyl)-aIanyl}-3-(4-thiazolyl)-alanyl]-cyclostatin- 
(2-morpho!inoethyl)amide: y 

N-{N-[N-(N-b nzyl-NHsopropy!aminoacetyl)<3-(1-naphthyl)-^ 
5 morphoIinoethyl)amide; 

N-{N-[N-(N-cycfoh xyl-N-m thylaminoacetyl)-3-<1 -naphthyl)-a!anyl]-3-(5-isoxazolyI)-alanyl}-cyclostatin-[3-(2- 

oxo-1 -pyrrolidinyl)propyl]amide; 

N-{N-[N^N^enzyl-N-methylam^ 

1 -pyrrolidinyl)propyl]amide; 
w N-{N-fN-morpholinoacetyl-3-0^ 

N-{N-{N-morpholinoacetyl-3-(1-naph^ 

N-{N-[N-morpholirioacetyl-3-(1^aph 

N-{N-tN-morpholinoacetyl-3-(1-^^ 

N-{N-[N-morphoiinoacetyl-3-(1-naph^ 
is N-{N-[N-morpho!inoacetyl-3-(1*naphthyO 

N-{N-[N-morpholinoacetyl-3-(1-naphthy^^ 

N-{N-[N-morpholinoacetyl-3-(1-naphthyl)^ 

N^N-(N-morpholinoacetyl-phenylalanyl)-leucylKyclostatin-(2-metr^ 

N-[N-(N-morpholinoacetyl^henyl^ 
20 N^N-(N-moipholinoacetyliDhenyla^ 

or 

N-[N-(N-morpholinoacetyJ-phenylalanyl)-3-(4-thia2olyl)alanyl]<yclos^ 
25 or a pharmaceutical acceptable salt thereof. 

33. A process according to any one of Claims 1 to 4, in which the reagents and reaction conditions are 

so selected as to prepare: 

N-{N-[(2R)-3-morpholinocarbonyl-2-(^ 

morpholinoethyl)amide; 

30 N-{N-[(2R)-3-morpholincK:art^ 

morpholinoethyI)amide: 
N-{N-[(2R)-3-<N-benzyl-N^ 

alanyl}-cyclostatin-(2-morpholinoethyl)amide; 

35 alanyl}-cyclostatin-(2-morpholinoethyl)amide; 

N-{N-[(2fp-3-morphonnorarbonyl-2^^ 

methylbutyl]amide: 

N-{^N-(N<yclohexyl-N^e%lam^ 

morphoiinoethyl)arnide; 
4o N-{N-[N-(N-methylanilinoacety^ 

morpholinoethyl)amide; 

N-{N-[N-(N^clohexyl-N-me%lam^ 

pyrrolidinyl)propyl]amide; 

N-[N-{N-[4-(4<hIorobenzhydryl)-1 -piperazinylacetyl]-3-(1 -naphthyl)-L-aianyl}-3-(4-thia2olyI)-L-aianyl]- 
45 cyc!ostatin-(2-morpholinoethyl)amide; 
N-{^[N-(N-benzyl-N-isopropyiamto^ 
morpholinoethyl)amide; 

N-{NHN-monpholinoacetyl-3-(l-naphthyl)-L-alanylh3-(4-th 
amide; 

so N-{^[N-morpholinoacetyM-(1-naph%^ 
N-[N-(N^morphoKnoac»tyl^ 
N-[N-(N-moiphoKnoacetyl-L^hen^ 

or 

55 • 

N-[N-(N-morphoUnoacetyl-L-phenylertanyO^^ 

or a pharmaceutically acceptable salt ther of. . 



1J92 



